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BOTANICAL (GAZETTE 


JANUARY 


THE ORIGIN AND TAXONOMIC VALUE OF THE “VEIL” 
IN DICTYOPHORA AND ITHYPHALLUS' 


GEo. F. ATKINSON 


(WITH PLATES I-VII AND ONE FIGURE) 


Although Ithyphallus impudicus is quite common and widely 
distributed in Europe, a complete and satisfactory account of 
its development, which is sufficient for a full comparison with other 
related plants, has not yet been given. This is probably due to 
the fact that it is very difficult to find a sufficiently large number 


of good specimens in the young stages of development. The more 
recent and most nearly complete accounts are those by Ep. FISCHER 
(6, p. 22; 7, p. 12) and VAN BAMBEKE (17-21). The gross struc- 
tures in the later stages of development had already been described 
by RossMAN (14, p. 185) and by DEBary (3, p. 203), but FiscHER 
studied the principal features in the origin and development of 
the parts within the undifferentiated fruit bodies, from the time 
when they first make their appearance on the rhizomorphs as mi- 
nute undifferentiated structures, only a few millimeters in diameter, 
up to their complete differentiation. 

Notwithstanding the valuable results which are presented in 
these contributions, there still remain some questions concerning 
which there is a difference of statement and opinion as expressed 
by several students and writers on the Phallales. These questions 
relate to the very early origin and differentiation of the fruit body, 


* Contribution from the Department of Botany of Cornell University, no. 138. 


Norte.—Investigation prosecuted with the aid of a grant from the Botanical 
Society of America in 1905. 
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and especially to the origin and homology of the so-called “veil,” 
which is described in some species but is often regarded as absent 
in others. For example, a rather persistent membranous “veil” 
is described in Phallus ravenelii B. and C., an evanescent mem- 
branous veil in Ithyphallus tenuis Ed. Fischer (PENzIG 13, p. 146), 
while Jthyphallus impudicus is often regarded as wholly lacking a 
veil at the time of the expansion of the plant. 

This study was undertaken with the purpose of answering, if 
possible, some of these questions. It naturally led to a study of 
the origin of the veil in [thyphallus impudicus, and to a comparative 
study of this structure in J. impudicus with the “veil” in Phallus 
ravenelii B. and C., and the “‘indusium” in Dictyophora duplicata 
(Bosc.) Ed. Fischer; and to a consideration of the generic value 
of these structures. 

While studying and photographing the fungi of France in the 
vicinity of Pontarlier, France, and other villages in that section 
of the Jura Mountains, I had an opportunity of collecting consider- 
able material of [thyphallus impudicus in different stages of develop- 
ment. Several individuals were first found and collected by my 
friend M. A. CourTEt,? who accompanied me on many of the excur- 
sions, and showed me the locality where this plant was growing. 
It was in a forest by the roadside, and the plants were growing 
for some distance around an old decaying stump. In the vicinity 
of some of the rotten wood, strands of the mycelium were found 
with numerous very young fruit bodies. Others were found 
which were older, thus presenting an interesting series of develop- 
ment from the very young and minute fruit bodies to the mature 
plants (text fig. 1). As many as possible of these were collected 
in different stages. Not having any other fixer at hand, they were 
fixed in alcohol and picric acid, and then preserved in 75 per cent 
alcohol. 

In the very early stages of the development of the young fruit 
bodies, their structure corresponds very closely with that of the 
growing end of the rhizomorphs as described by DEBary (3, p. 


2M. Courtet is professor of mathematics at the Lycée in Besangon, but resides 


in Pontarlier, where he spends his vacations, and is a member of the Soc. Myc. de 
France. 
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203), and later by FIscHER (6, p. 23). These rhizomorphs consist 
of a central strand or core, and a cortex. The central strand or 
core is composed of hyphae, the general direction of which is parallel 
with the axis, while here and there certain hyphae turn outward 
with the cortex. | Between the hyphae there is more or less gelati- 
nous substance, which is more abundant in the central portion of 
the core, where the threads are rather distant, while on its periph- 
ery they are more crowded. These threads stain readily, so that 


Fic. 1.—Rhizomorphs and young fruit bodies of Ithyphallus impudicus, from 
Pontarlier, France, 1905; natural size. 


in longitudinal sections this medulla or core stands out distinctly 
from the rather thin cortex. 

In the young fruit bodies, according to FiscHer (6, p. 23), 
this medulla is present and terminates in a tissue of slender hyphae 
which are rich in protoplasmic content. This central portion of 
the pyriform young fruit body has the form of a sheaf, which in 
longitudinal section presents a fan-shaped outline. This tissue 
also stains readily and is surrounded by a cortical layer of looser 
texture, the external portion of which contains hyphae and crystals 
of calcium oxalate, exactly like those in the cortex of the rhizo- 
morphs. Burt (1a, p. 347) describes a similar structure in the 
young fruit bodies of Mutinus caninus (Huds.) Fr., but differs from 
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FISCHER in regard to the part which the central core or medulla 
plays in the formation of the mature fruit body. According to 
FiscHER, the wall of the “stipe” (the stemlike portion of the 
receptacle) is formed on the outside of the portion of the medulla 
which lies within the young fruit body, so that this portion of the 
medulla or central strand would lie within the stipe. According 
to Burt, in Mutinus caninus the central strand, while connected 
with the central mass of tissue in the young fruit body, does not 
take part in the formation of the stipe. All parts of the fruit 
body, with the exception of the external portion of the outer layer 
of the volva, are, according to him, derived from the deeply staining 
mass of tissue which lies in the center of the broadened end of the 
young fruit body. The examination which I have been able to 
make of longitudinal sections of young fruit bodies of Ithyphallus 
impudicus, in the different stages of development, leads me to 
believe that the position and extent of development of this central 
strand in the young fruit bodies is a variable one. 

In the center of the broadened end of the very young fruit body 
there arises a honrogeneous, compact tissue, composed of intricately 
interwoven hyphae rich in protoplasm. This tissue may be 
regarded as fundamental or primordial tissue, which later gives 
rise by growth and differentiation to the parts of the mature plant. 
In none of the very young fruit bodies, just prior to or at the time 
of the appearance of this central primordium, of which I succeeded 
in getting longitudinal sections, was there a direct continuation 
of the central strand into the middle portion. The hyphae of 
the central strand, singly or in fascicles often fan-shaped, diverge 
in various directions and seem to be lost near the periphery of the 
proximal end. The central portion of the young fruit body is 
probably developed from the young apical region of the central 
strand, but in none examined have I seen the strand as a whole 
in connection with the central primordium, or, as already stated, 
even extending into the central region of the young fruit body. 
My sections have been studied very carefully in this respect, since 
Burt in Mutinus caninus and Fiscuer in Ithyphallus impudicus 
have found the strands as a whole extending into the interior of 
the fruit body, and as a whole in connection with the central 
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primordium. The failure to find it in this connection in the speci- 
mens examined by me is not to be taken to mean that in some or 
in many specimens it is not so connected with the central primor- 
dium, but rather lends support to the view held by Burt that the 
medulla of the rhizomorph, when it does extend into the center of 
the young fruit body, is not concerned in the organization of the 
members of the mature plant, but that these are organized from the 
central primordium. 

The first evidence of the differentiation of the primordium is 
the gelatinization of the hyphae in the extreme upper portion 
just inside the cortical layer. This occurs in a small circular 
area which progresses centrifugally and downward from its edge, 
so that it becomes at first convex (fig. 17), and later campanulate, 
as it extends downward on all sides in the area, occupying the same 
relation to the central primordium and cortex. This forms the 
thick gelatinous middle layer of the volva. In the early stages 
of this gelatinous area, the swelling of the gelatinous substance, 
formed from the outer layers of the hyphae, crowds the hyphae 
apart and they form an irregular open network with large, more or 
less rounded gelatinous masses in the mesh. But with the forma- 
tion of more of the gelatinous substance and the broadening of 
this layer, many of the hyphae are stretched in a radial direction, 
extending from the tissue which later forms the inner layer of the 
peridium (figs. 19-22). 

While the development of this gelatinous layer is progressing, 
and soon after its inception, the fundaments of other parts begin 
to make their appearance. The fundament of the stem appears 
in longitudinal section (figs. 18, 19) as a delicate columnar struc- 
ture. The central portion of this structure consists of primordial 
or fundamental tissue, which is but little colored by the stain, 
while the fundament of its wall stains deeply and extends nearly 
up to the apex of the bell-shaped structure inside of the gelatinous 
layer. The bell-shaped area adjacent to the inner surface of the 
gelatinous layer, which takes a deep stain, is to form the inner 
wall of the peridium (D, figs. 19, 21). Lying directly next to this 
on the inner side is the fundament of the gleba (G, fig. 19), also 
a bell-shaped area, but not yet differentiated from the former. 
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Farther within (P, fig. 19) is another bell-shaped area which 
takes a deeper stain than the fundamental tissue on either side. 
This is the fundament of the inner portion of the pileus. 

The remaining primordial tissue lying between the fundament 
of the pileus and that of the stipe is in the form of a hollow cone, 
the wall of which is broad at its base. It is the tissue which 
DeBary (3, p. 204) called the cone (Kegel). In the stained sec- 
tion, a photograph of which is represented in figs. 18, 19, this cone 
of primordial tissue does not show a homogeneous structure. At I 
there is a deeply stained area, also campanulate in form when taken 
as a whole, lying within the lighter colored portion of the cone. 
This is what I regard as the fundament of a true indusium, which 
in Ithyphallus impudicus does not become further differentiated, 
so far as present evidence indicates, though the rudiment may 
persist in a recognizable form (in magnified section) up to the 
maturity of the plant. The hyphae here are somewhat more 
densely interwoven, and therefore this zone stains more deeply 
in contrast with the other primordial tissue on either side of it. 
This rudiment of an indusium described by FiscHer (6, p. 26) 
remains in the condition of primordial tissue, which, with some 
adjacent primordial tissue, in the mature plant forms a thin 
membrane lying between the pileus and the stipe. My inter- 
pretation of the fundaments represented by these more deeply 
staining cones in the young fruit body of IJthyphallus impu- 
dicus is slightly different from the interpretation given by FISCHER. 
The zones in fig. 19 indicated by P (pileus fundament), J (indusium 
fundament), and B (primordial tissue lying between) are considered 
by FIscHER as one zone, the fundament of an indusium which he 
marks in his figures as 7. An examination of his figures shows 
that it is made up of three layers or zones, two outer ones more 
deeply stained than the inner one, corresponding to the three zones 
of my figure (P, B, and J). Fiscuer states that the outer layer 
of his zone J forms the inner layer of the pileus, and that the 
indusium in Dictyophora phalloidea Desvaux is differentiated along 
the inner layer of the zone J. Zone J of my figure joins the stem 
at the same place as the inner layer of FiscHER’s zone J, and also 
in the mature fruit body, as will be shown later, the zone J of my 
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figures can be distinguished as a more deeply staining layer within 
the thin membrane of primordial tissue lying between the stipe 
and pileus, joining the stipe at the projecting ring of the same near 
the apex of the stipe at the corresponding point where the indusium 
of Dictyophora duplicata joins the stem. These facts lead me to 
believe that the fundaments represented by the more deeply stain- 
ing zone in the young fruit body should be interpreted in accordance 
with their treatment here. 

Another peculiar structure sometimes appears at this stage. It 
lies in the lighter colored zone (figs. 19, 20), and in stained longi- 
tudinal sections appears as a delicate line, deeply stained, lying some 
distance from the fundament of the stem wall, but diverging 
from it and not presenting the curved contour of the other zones. 
The walls of the hyphae appear to be slightly gelatinized or thick- 
ened and take the stain deeply. Perhaps it represents the begin- 
ning of a partial degeneration of the fundamental tissue which 
does not take part in the formation of any of the members of the 
plant. Orit may represent a very slight tendency to the formation 
of the pseudoparenchymatous tissue of an indusium such as exists 
in a well developed form in Dictyophora, since this structure lies 
close to the fundament of the indusium. 

The fundament of the gleba now gives rise upon its inner face 
to a palisade layer of slender clavate cells. This layer, as it pro- 
gresses, develops unevenly, forming numerous folds, with furrows 
between them, which branch profusely as they extend inward 
toward the forming pileus. Figs. 19 and 21 are from a section, nearly 
longitudinal, which shows the partially developed members of the 
plant; D is the inner peridium of the volva, G is the developing 
gleba, P is the forming pileus, A is the apex of the stipe, while 
I is the fundamental tissue between the stipe and pileus. At 
maturity this fundamental tissue lies between the stem and pileus 
as a thin, delicate, membranous layer, which also extends below 
the pileus around the lower end of the stipe. This is undifferenti- 
ated tissue. As the stem elongates and the pileus expands some- 
what, this delicate membrane or “veil’’ is torn and fragments are 
left on the surface of the stem, and occasionally some of them on 
the inner surface or margin of the pileus. These fragments often 
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lie around the stem a short distance below the margin of the pileus 
in the form of a ring (fig. 1). It is so delicate that it collapses, 
dries, and disappears very soon after the expansion of the plant, 
or is washed away by the rains, so that it is probably rarely seen 
except by those who collect the mature ‘‘eggs,” and in a protected 
place observe the unfolding of the plant. 

The delicate and evanescent character of this “veil” may 
account for the fact that it is rarely shown in connection with illus- 
trations of this species after expansion, especially in works of a 
general character. This has probably led to the rather wide- 
spread belief, especially in some quarters, that a “veil” is want- 
ing in Ithyphallus impudicus. The variability in the strength of 
this ‘‘veil” in individuals of the same species, and in different 
species, as well as the presence of the indusium in Dictyophora, 
occupying a similar position between the pileus and stem, though 
of a different structure and ontogenetic history, has led to con- 
siderable confusion regarding its nature, origin, and taxonomic 
value. Many writers have used the terms “veil” and “‘indusium” 
synonymously. If the word velwm or “veil” were used to desig- 
nate the remnant of primordial or fundamental tissue lying at 
maturity of the plant between the pileus and stem, and if the 
word indusium were reserved for the organ of different structure 
which is differentiated and developed from a portion of and within 
this. primordial tissue, it should serve to clear away the existing 
confusion. A comparison of these structures and a consideration 
of their origin and later history in I[thyphallus impudicus, Dictyo- 
phora duplicata, and Phallus ravenelii, with photographs of stained 
sections, together with a discussion of some of the literature of the 
subject, it is hoped will lead to a more intelligent understanding 
of their nature and taxonomic significance than can be obtained 
from an examination of them at the time of the expansion of the 
plants. 

Ithyphallus impudicus is a rare plant in the northeastern part 
of the United States. I have never seen a specimen from this 
region. Dictyophora duplicata is rather common, however. Its 
size and form, as well as the surface of its pileus, are so similar to 
I. impudicus that, as Burt (1b, p. 384) remarks, there is danger 
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of mistaking the two in the younger stages, while the indusium 
remains adherent to the under surface of the pileus before the 
intervening primordial tissue is ruptured. In old plants after 
expansion, when the indusium has fallen away, as frequently 
happens, there is danger of confusing it with I. impudicus. Phallus 
ravenelii is also sometimes mistaken for J. impudicus, but this 
should not happen when one is familiar with the character of the 
pileus in the two species, and with the very different odors of the 
two. 

The first time that I met with growing examples of Ithyphallus 
impudicus was in September 1903, when in company with Mr. 
GeorcE MassEE I found two mature eggs in the Kew Gardens. 
These were taken to the Jodrell Laboratory and placed under a 
moist chamber. During the night one of them expanded, and on the 
following day there was very clear evidence of a thin, white, mem- 
branous veil between the stem and pileus, which was now lying 
on the stem a short distance below the pileus and partly encircling 
the stem asaring. I photographed the plant at the time, and the 
presence of this veil is very distinctly shown as a complete mem- 
branous ring around the stem (figs. 1, 2). The plant was then 
placed in alcohol, shipped by freight to this country along with 
other fungi, and it is now stored in alcohol in a museum jar in the 
Department of Botany in Cornell University, and shows well at the 
present time this thin, membranous veil. 

In August 1905, in the Jura Mountains at Pontarlier, France, 
I reared several plants in moist chambers from mature eggs. In 
all of these the veil was present and adhered either as fragments 
or as a ring on the stipe. Sometimes also fragments clung to the 
margin or under surface of the pileus. Several photographs were 
made of these and one is shown in fig. 2. It is interesting to note 
in this photographic reproduction the collar around the stipe 
below, which is the lower remains of the veil where it is attached 
to the broader remnant of primordial tissue. This is exactly the 
same structure that is present at this stage in Phallus ravenelii. 
Dissection of the eggs can be made also in such a way as to show 
a distinct, thin, membranous veil between the stem and pileus 
before expansion (fig. 8). The veil thus separated from the two 
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adjacent surfaces of contact stands out clearly, and is continuous 
from its attachment with the primordial tissue at the base of the 
stem and volva below to the apex of the stem at the point where 
the latter joins the pileus. 

While, as previously stated, there is quite a widespread belief 
that a veil is wanting in J. impudicus, there is abundant evidence 
that it was observed by the earlier students of these plants. CorDA 
(2) figured and described it as early as 1842. His figs. 1, 2, and 3 
show a thin veil. He calls it outer stem veil (dussern Strunke- 
schleier’). DEBARY (3, p. 207) speaks of it as a thin, white mem- 
brane between the pileus and stem, which is torn into fragments 
as the stem elongates. His language‘ shows that various authors 
spoke of it as a veil (velum), and he himself uses the term after 
the expansion of the plant, when fragments of it cling to the stem. 
KALCHBRENNER (8a, p. 63) describes and figures it as present in 
Phallus imperialis Schulzer, which is but a form of J. impudicus 
(see Ep. FIscHER 6, p. 84). FIscHER (6, p. 27) describes it 
as a hyphal weft between the stem and pileus in the mature egg. 
He regards it as a remnant of the primordial tissue, but does not 
speak of its appearance after the expansion of the plant. Burt 
(1b, p. 384) says that the veil is wanting in J. impudicus. In his 
characterization of the genus Ithyphallus he says “‘veil wanting.” 
By this he probably means that a persistent, entire veil, such as 
is usually present in Phallus ravenelii, is wanting in the genus 
Ithyphallus as interpreted by him. 

In Phallus ravenelii the veil is usually persistent, is composed 
of a thicker hyphal weft of primordial tissue, and is therefore not 
so easily torn into fragments, but persists as a campanulate, mem- 
branous collar suspended around the stem under the pileus from 


3“Tm geschlossenen Eie zwischen dem Hute und dem Strunke eine feine, weisse, 
zarte Haut, emporschicht, welche den dussern Strunkeschleier (fig. 1") bildet, welche 
bei Verlangerung des Trigers zum Steile, zerreisst, und dessen zarte Fragmente bald 
verschwinden.”’—I cones 5:71-73. pl. 7. figs. I-3. 1842. 

4“Sie erhalt zuletzt die Gestalt einer diinnen weichen Haut welche von den 
Autoren der Schleier (velum) des Stiels genannt worden ist. .... Der Kegel reisst in 
seinem untersten Theile quer durch; die mit dem Basalstiicke zusammenhingende 
Portion bleibt mit letzterm als eine die Stielbasis umgebende napfférmige Scheide 
stehen; der obere Theil zerreisst in unregelmissige Fetzeln, welche theils zwischen 
Hut und Stiel, theils auf der freien Aussenfliche des letzteren hingen bleiben 
(velum).” 
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the point of their junction. For this reason it is apt to be 
overlooked unless one is careful to look between the pileus and 
stem, or unless a section of this part of the plant is made. Some- 
times the veil is torn into a few fragments, and at other times it 
may become free from its point of attachment and lie as a 
ring or band of membranous tissue around the stem below the 
pileus. It is then quite plainly seen. This is shown in the photo- 
graph reproduced in fig. 5. This figure also shows the mem- 
branous collar around the base of the stem with which the veil was 
connected before expansion of the plant, when it was torn apart. 

In the first published description of Phallus ravenelii B. and C. 
(1, p. 33) no mention was made of the presence of this veil. Far- 
LOW (4, p. 247) describes it and speaks of it as a rudiment of a veil. 
PEcK (12, p. 123) also describes and figures it. He speaks of it 
as an indusium or veil, and states that RAVENEL, on whose notes 
and specimens BERKELEY described the plant, had made a com- 
plete description of this veil in his notes, which BERKELEY failed 
to include in his description. MorcGan (11, p. 146) places P. 
ravenelii in Hymenophallus (as a subgenus of Phallus) along with 
P. duplicata Bosc. (Dictyophora duplicata), thus considering it 
more closely related to the present Dictyophora than to I. impu- 
dicus, which he places in Ithyphallus (as a subgenus of Phallus). 
In this respect he followed GERARD (8, p. 11). He speaks of the 
veil as an indusium or veil which is reticulate in some species of 
Hymenophallus, and not reticulate in others, and is dependent 
from the apex of the stem underneath the pileus. In Jthyphallus 
impudicus he recognizes the thin membrane between the pileus 
and the stem which is torn into shreds as the plant expands. 

Ep. FIscHEer (6, p. 30) placed P. ravenelii in the genus Ithy- 
phallus because he believed a true indusium, homologous with the 
indusium of Dictyophora, was absent. In the study of a few young 
fruit bodies he finds (7, p. 16) not only no evidence of a true 
indusium in the primordial tissue between the stem and pileus, 
but also no evidence of a fundament or the beginning of a differen- 
tiation of tissue which would indicate a rudimentary indusium. 
Burt (1b, p. 385) regards the veil in P. ravenelii as homologous 
with the indusium of Dictyophora, probably being influenced more by 
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its usual persistence as a distinct membrane than by its ontogenetic 
history, though he states (1b, p. 386) that some laterally inflated 
toward hyphae led him to believe that this indicates a differentiation 
pseudoparenchymatous tissue. SCOFIELD (15, p. 533) does not con- 
sider the veil in P. ravenelii to be a differentiated organic structure, 
but a remnant of the tissues of the young fruit body. Consequently 
he follows F1iscHER in placing the species in the genus [thyphallus. 
It appears that LLoyp (9, p. 327) treats the indusium of Dictyo- 
phora and the veil of Ithyphallus, even the very thin and fragile 
veil of I. impudicus, as homologous structures, probably without 
a consideration of their different origin and ontogenetic history, 
since he thinks “the only difference is in the degree of development 
of the veil.’”’ On this basis he would discard the genus Dictyophora, 
and place all three of the species in question here in the genus’ 
Phallus. 

There are two methods by which the relative value of these 
structures (the “ veil’? and indusium) in showing generic relation- 
ship may be considered: (1) by their morphology, that is, their 
form, structure, and position relative to other organs of the plants; 
and (2) by their origin and differentiation in the individuals, or 
in other words their ontogenetic history. According to the first, 
it is not sufficient that we should compare these structures after the 
expansion of the plant. Some of the present confusion probably 
can be traced to observations made only at this stage of develop- 
ment. Observations and comparisons should also be made before 
the elongation of the stipe has so disarranged the parts as to make 
impossible a careful comparative study of these structures in their 
normal position. For the purpose of this study fruit bodies of the 
three species (I. impudicus, P. ravenelii, and D. duplicata) were 
selected a short time before complete maturity, but after complete 
differentiation of the parts had taken place, and only a com- 
paratively short time before the period of elongation. Micro- 
tome sections were made of these, longitudinally at the upper and 
lower ends of the “egg.” and transversely as well as longitudinally 
in the middle region. These sections included the volva, pileus, 
and one side of the stipe (to or near the middle), and of course the 
tissues in question between the pileus and stipe, and the base of 
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the volva. These were stained, mounted in balsam, and then 
photographed at various magnifications, as indicated in the descrip- 
tion of the plates. They were also subjected to careful micro- 
scopic study. 

It will be interesting to study the figures here reproduced from 
some of these photographs. Figs. 9, 10, 11 are from longitudinal 
(radial) sections at the base of these three species. Fig. 9 is 
Ithyphallus impudicus, and the parts are as follows (the outer 
layer of the volva is not shown here): F, gelatinous layer of the 
volva; D, inner layer of the volva; G, gleba; P, pileus; A, stem; 
B, primordial tissue. The primordial tissue shows no differentia- 
tion. It consists of intricately interwoven hyphae and is a remnant 
of the primordial tissue of the young fruit body, which has been 
left behind after the organization of the other parts of the plant. 
Next the pileus and the stipe there is a slightly darker line, the 
result probably of a slight massing or distintegration of those 
hyphae which are crowded by the enlarging stem and pileus. 
There is no evidence here of the differentiation of another structure 
within this primordial tissue. At the narrowed portion above is 
the point near which the primordial tissue is torn apart in the 
elongation of the stem, separating the thin, membranous part from 
the broader part below (see fig. 2). 

Fig. to is of Phallus ravenelii. The primordial tissue lying 
between. the base of the stem and the lower part of the pileus 
also shows no differentiation, the portions next the pileus and stem 
staining slightly darker, as in J. impudicus, and from the same cause. 
This represents a rather thin veil for P. ravenelii, and therefore 
serves to show, aside from there being no difference in its structure, 
position, and relation at this point in the fruit body from the veil 
of J. impudicus, that it is not any more massive. A short distance 
above the margin of the pileus is the point where the veil ruptures, 
leaving the collar of primordial tissue around the base of the stem 
as in 1. impudicus. 

Fig. 11 is of Dictyophora duplicata. The parts are lettered as 
in the two previous figures of J. impudicus and P. ravenelii. We 
note outer layer of volva; F, gelatinous layer of volva; D, inner 
layer of volva; G, gleba; P, pileus; A, stem; and B, primordial 


i 
at 
P 


14 BOTANICAL GAZETTE [JANUARY 


tissue. There is here, however, an additional organ, or part of 
the fruit body, which lies within the primordial tissue, leaving a 
thin layer of primordial tissue next to the stem and one next the 
pileus. This is the indusium (J), which in this species is composed 
of chambered, pseudoparenchymatous tissue differentiated from 
and within the primordial tissue and not extending down into the 
tissue at the base. The remnant of primordial tissue here is exactly 
homologous with that which we have just observed in J. impudicus 
and P. ravenelii. In this figure there is seen the thin, white mem- 
brane or veil which lies between the indusium and the stem, and 
which is continuous with the more massive area of primordial 
tissue below. The remnant of primordial tissue between the 
pileus and indusium is in this specimen, at this point, very thin, 
but it is present and can be seen extending around below the mar- 
gin of the indusium to join the other branch where the two veils 
or membranes pass into the mass of primordial tissue below. 

Fig. 12 is of a longitudinal section from J. impudicus at the upper 
end of the fruit body, the lettering as before. Here we should 
note the inner and outer layers of the main part of the pileus, which 
in the section stain as dark lines in contrast to the looser tissue of 
the trama between. The inner wall of the pileus can be here traced 
upward as a very distinct dark line. For want of space, the entire 
photograph is not reproduced here, the upper portion being cut 
away; but the pileus above curves over and is joined with the 
margin of the stem apex. Between the pileus and the stem is seen 
the primordial tissue, the ‘“‘veil.”” A very interesting structure 
is present here. Through the middle of the primordial tissue, 
parallel with the surface of the pileus and stem, but separated from 
them on either side by primordial tissue, is a darker line, repre- 
sented by slightly denser tissue which stains darker than that on 
either side. This is the indusium rudiment described earlier in the 
study of the development of the young fruit bodies, and it is quite 
remarkable that this rudiment should persist within the veil up 
to the maturity of the fruit body, so that it can be recognized in 
microscopical preparations. It does not continue to the apex of 
the stem along with the membrane of primordial tissue, but ends 
a short distance below at the projecting ring in the stem correspond- 
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ing to the point where it was observed in the younger fruit bodies, 
and also to the point where the well organized indusium of Dictyo- 
phora is attached (see fig. 13). 

Fig. 13 is from a similar section of D. duplicata, that is, a longi- 
tudinal section at the upper part of the fruit body; the indusium 
(Z) is joined to the stipe at the point where the annular projection 
occurs. The main portion of the remnant of primordial tissue 
lies between the indusium and stipe, a very thin layer only lying 
between the indusium and pileus, which is continuous with the 
primordial tissue above the indusium between the stipe and pileus. 
The dark line at the edge of the primordial tissue next the indusium 
is caused by the denser accumulation of hyphae as they have with- 
drawn or have been pushed back by the folding and crowding of 
' the chamber walls of the indusium. In this figure can be seen 
also the delicate weft of hyphae lying in the chambers of the stipe, 
pileus, and indusium. This is the remnant of primordial tissue 
within and from which these parts were organized. It is continuous 
at certain points with the “veil” or membrane of primordial 
tissue lying between the stipe and pileus and enveloping the indu- 
sium. A similar weft of primordial tissue lies within the chambers 
of the stipe and pileus in the other species. 

Fig. 14 is from a longitudinal section in the same region of the 
fruit body of Phallus ravenelii. The “veil” (B) is seen to consist 
of undifferentiated tissue, that is of primordial tissue. There is 
no evidence of a distinct organ like the indusium of Dictyophora 
lying within it, nor even of a fundament or rudiment of such an 
organ. The primordial tissue is a homogeneous weft which is con- 
tinuous between the chambered walls of the stipe. 

It will be interesting now to examine cross-sections near the 
middle region of the fruit body at the same stage of development. 
Phallus ravenelii presents nothing essentially different from that 
shown in fig. 14; but from a comparison of the photographs of 
these sections from Ithyphallus impudicus (fig. 15) and Dictyophora 
duplicata (fig. 16), the impression is at once gained that in Dictyo- 
phora duplicata, as represented by this specimen, there is a “veil,” 
in addition to the indusium, quite as strong as that present in 
Ithyphallus impudicus. It is therefore quite possible that, at the 
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time of expansion of the plant, fragments of a veil are to be found 
in addition to the well developed indusium. In some examples 
of Phallus ravenelii the “veil” is scarcely more massive than is 
here represented in Dictyophora duplicata. The fact that in 
Phallus ravenelit it is usually more massive and thus more perma- 
nent, is not a sufficient ground for considering it homologous with 
an entirely different organ in other species, which originates within 
and from a portion of this primordial tissue. 

The corresponding cross-section of Ithyphallus impudicus, repro- 
duced in fig. 15 from a photograph, is very instructive in this con- 
nection. Lying within the primordial tissue and parallel with the 
surfaces of the stipe and pileus wall is a thin layer of more deeply 
staining tissue. This is the fundament or rudiment of an indusium, 
which was observed in the longitudinal section of the upper part of 
the fruit body, and first appears in the young fruit body at the time 
of the origin of the fundament of the pileus. It has not advanced 
beyond the condition of primordial tissue, but the more dense 
arrangement of the hyphae and their deeper staining reaction is 
retained, in some examples at least, up to the maturity of the fruit 
body. As already stated, Ep. FiscHer has described and figured 
the fundament of the indusium in the very young stages of Ithy- 
phallus impudicus, although I differ slightly from him as to the 
limits of this fundament. It is homologous with the correspond- 
ing stages of the indusium fundament in Dictyophora phalloidea as 
described and figured by him. In the young stages of Phallus 
ravenelii studied by him (7, p. 15) he found no evidence of even 
a fundament of the indusium, though the material which he studied 
did not include the very young stages. 

From all that has been determined in connection with this 
study, however, together with the results of other investigations 
on these species, the conclusion that a true indusium is wanting 
in Phallus ravenelii appears to be justified. If Dictyophora is to 
be retained as a genus distinct from Ithyphallus, as at present I 
believe it should be, Phallus ravenelii cannot properly be placed in 
the genus Dictyophora if the indusium of this genus is to be inter- 
preted in the light of its ontogenetic history and distinct differentia- 
tion from primordial tissue, rather than upon the mere fact of the 
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presence of a campanulate structure more or less persistent and 
usually but not always suspended between the pileus and stipe, with- 
out regard to the important question of its real homology. With 
regard to the generic position of [thyphallus impudicus the ques- 
tion may arise as to whether or not it should be placed in the genus 
Dictyophora on account of the rudiment of an indusium within the 
primordial tissue. If a rudimentary condition of an organ were 
to have the same taxonomic value as the well developed condition 
of the same organ, J. impudicus would be congeneric with the 
species of Dictyephora. But a rudimentary condition of an organ 
is not generally regarded as of equal taxonomic value with its well 
developed state in other species, though it may be of value in a 
study of phylogenetic relationship. J. impudicus, therefore, should 
not be placed in Dictyophora, or rather is not congeneric with it, 
though, curiously, it probably shows a closer phylogenetic rela- 
tionship to that genus than does Phallus ravenelii. Phallus 
ravenelli B. and C. and Ithyphallus impudicus (L.) are then to be 
regarded as congeneric, and if the genus [thyphallus is to be retained, 
the former should then be known as [thyphallus ravenelii (B. and 
C.) Ed. Fischer. 
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Magnifications are as follows: figs. 9-13, 18, 22, X10; figs. 14-17, X25. Photo- 
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fig. 


PLATE { 


Fics. 1, 3.—Ithyphallus impudicus from Kew Gardens, England, 1903; 
1 enlarged from kodak fig. 3. 
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Fic. 2.—Ithyphallus impudicus from Jura Mountains, France, 1905, show- 
ing “veil’’ around stem below pileus; at the base showing the collar of funda- 
mental tissue which was ruptured on expansion of plant. 


PLATE II 

Fic. 4.—Phallus ravenelii from Ithaca, N.Y., showing “veil” around stem 
below pileus; at base showing the collar of fundamental tissue as in Ithyphallus 
impudicus. 

Fic. 5.—Same with pileus cut away from the front to show upper part of 
‘veil’? suspended from apex of stem underneath pileus; two rings of this 
“veil” of fundamental tissue below on the stem; at base collar of fundamental 
tissue. 

PLATE III 

Fic. 6.—Dictyophora duplicata, Ithaca, N.Y., showing indusium. 

Fic. 7.—Dissection of egg of Phallus ravenelii, showing continuous veil 
of primordial tissue between pileus and stem. 

Fic. 8.—Similar dissection of Ithyphallus impudicus, showing continuous 
veil of primordial tissue between pileus and stem. 


PLATE IV 

Fic. 9.—Longitudinal radial section at base of egg of Ithyphallus impudicus: 
A, stem; B, primordial tissue which forms the collar; P, inner portion of 
pileus; G, gleba; D, inner peridium; F, gelatinous layer of volva. 

Fic. 10.—Longitudinal radial section at base of egg of Phallus ravenelii: 
A, stem; B, fundamental tissue which forms the collar; P, pileus; G, gleba; 
D, inner peridium; F, gelatinous layer of volva. 

Fic, 11.—Longitudinal radial section at base of egg of Dictyophora dupli- 
cata: A, stem; B, fundamental tissue which forms the collar and extends 
upward as a thin veil on either side of J (indusium); P, pileus; G, gleba; D, 
inner peridium; F, gelatinous layer of volva. 


PLATE V 


Fic. 12.—Longitudinal radial section through upper part of egg of Ithy- 
phallus impudicus: A, stem; BB, fundamental tissue with rudimentary 
indusium; J, indusium lying with it; P, pileus; G, gleba; D, inner peridium. 

Fic. 13.—Longitudinal radial section at upper part of egg of Dictyophora 
duplicata: A, stem; BB, fundamental tissue; J, indusium; P, pileus; G, 
gleba; D, inner peridium; F, gelatinous layer of volva. 


PLATE VI. 


Fic. 14.—Longitudinal radial section through upper part of egg of Phallus 
ravenelii: A, stem; B, fundamental tissue; P, pileus; G, gleba. 

Fic. 15 —Transverse section through middle part of egg of Ithyphallus 
impudicus: A, stem; B, fundamental tissue; J, rudiment of indusium within 
it; G, gleba; fundamental tissue also lies between J and P. 
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Fic. 16.—Transverse section through middle part of egg of Dictyophora 
duplicata: A, stem; BB, fundamental tissue lying on either side of J 
(indusium); P, pileus; G, gleba; D, inner peridium; F, gelatinous layer of 
volva. 

PLATE VII 


Ithyphallus impudicus from Jura Mountains, France; sections showing 
different stages in development of young fruit bodies. 

Fic. 17.—Very young fruit body showing gelatinous area near the apex; 
the dark area is the fundament of the fruit body. 

Fics. 18-22.—Older stages showing early differentiation of parts of fruit 
body: A, stem; J, rudimentary indusium; P, pileus; D, inner peridium; 
G, gleba. 
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THE AFFINITIES OF GEINITZIA GRACILLIMA'* 
EDWARD C. JEFFREY 
(WITH PLATE VIII) 


In a recently published memoir in collaboration with Dr. ARTHUR 
Hottick, the writer has shown that there is good anatomical 
evidence for regarding numerous mesozoic conifers, which have 
in the past, from a consideration of their external habit alone, been 
considered to belong to the Taxodineae or Cupressineae, as in 
reality appertaining to the araucarian tribe of the Coniferales. In 
the memoir in question,? disjoined leafy twigs and more or less 
fragmentary relics of cones were described anatomically. In the 
case of the vegetative twigs it was shown that the anatomical 
structure was entirely araucarian, and similar evidence was some- 
what less conclusively given in the case of the cones. Unfor- 
tunately, it was not possible in any of the Kreischerville material 
to investigate the woody axis of a cone, which would obviously 
furnish the clearest evidence as to the true affinities of the repro- 
ductive branches of the Kreischerville material. The cone scales 
alone, although furnishing in the opinion of the present writer ample 
evidence of their araucarian relationships, might by those less 
experienced in the details of coniferous anatomy still be considered 
as belonging to strobili of the Taxodineae or Cupressineae. Happily 
another cretaceous deposit has finally furnished the much to be 
desired testimony, which apparently puts beyond all possible 
question the araucarian affinities of the cretaceous remains, which 
have in the past been referred by purely systematic paleobotanists 
to the living genus Sequoia. 

The material on which the present article is based was derived 
from the Matawan Formation, which clearly overlies the Raritan 
or Upper Potomac beds from which the Kreischerville material 

* Contributions from the Phanerogamic Laboratories of Harvard University, 
no. 31. 


2 Hotiick, ArtHur, and JEFFREY, E. C., Studies of cretaceous coniferous remains 
from Kreischerville, New York. Mem. N.Y. Bot. Gard., no. III. May 1909. 
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was obtained. Various writers have recorded the abundance of 
cones of Sequoia gracillima in the clays of the coastal bluffs of 
Cliffwood, New Jersey.2 Through the kindness of Dr. HOLLICK 
and particularly of Mr. E. W. Berry of the Geological Department 
of Johns Hopkins University, the present writer has received from 
time to time numerous specimens of this species. Unfortunately 
all of these were either too thoroughly impregnated with iron 
pyrites or in too bad a condition of preservation to yield any satis- 
factory evidence when examined microscopically. After repeated 
personal visits to the Cliffwood bluffs, the writer was at last 
rewarded in the spring of 1909 by the discovery of a single cone 
in which the axis was in a good condition of preservation. The 
figures in the present article, with the exception of the first, are 
made from the preparations of this cone. 

Fig. 1 shows the surface of a pyritized cone of Sequoia gracillima, 
so-called, from the two opposite flattened surfaces. In a is shown 
the best preserved surface of the cone, while in } the hexagonal 
outlines of the cone scales, and often their surface as well, are ob- 
scured by incrustations of the iron pyrites, which infiltrate the 
substance of the cone itself. In cones showing a better condition 
of preservation than is generally found in the Cliffwood material, 
the center of the peltate scales is marked by a profound depression. 

Fig. 2 reproduces a transverse section of the peduncle of the 
well preserved specimen described above. Higher up, the axis ~ 
of the cone is not so well preserved, being somewhat flattened and 
considerably more impregnated with granules of iron pyrites. 
The peduncular portion, however, is in an admirable condition of 
preservation, even the soft tissues of the phloem and the cortex 
being clearly recognizable. The pith, which appears in the center 
of the figure, is characterized by the presence of the same sclerotic 
nests, composed of stone cells, described in the memoir of Dr. 
Ho tick and the present writer, cited above, for the vegetative 
twigs of a number of conifers which are now known to be of arauca- 
rian affinities on the basis of their microscopic structure. Outside 


3 NEWBERRY, J. S., Flora of the Amboy clays. pi. 9. figs. 1-3. 1896; BERRY, 
E. W., Flora of the Matawan Formation. Bull. N.Y. Bot. Gard. 3:no. 9. 1903; 
Berry, E. W., Additions to the flora of the Matawan Formation. Bull. Torr. Bot. 
Club 31:Feb. 1904. 
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the pith is the well developed woody cylinder, which is succeeded 
by a zone of well preserved phloem of about a third its diameter. 
External to the phloem lies an irregular and partly destroyed 
cincture, representing the cortex. The magnification is not suffi- 
cient to show that in the cortex there are sclerotic cells similar to 
those found in the pith. 

Fig. 3 shows the structure of the higher part of the cone as 
seen in longitudinal section. Centrally lies the medullary tissue, 
largely occupied by stone cells. Near the region of the wood the 
sclerotic aggregations give place to thin-walled parenchymatous 
elements. The wood is crossed on the right side of the figure, 
which shows it in a good condition of preservation, by shallow 
medullary rays from one to three or four cells in height. The 
rays, as seen in the transverse and the longitudinal radial sections, 
are uniseriate. The broad, so-called fusiform, rays found in the 
pinelike Abietineae are entirely absent. Part of the phloem 
adheres to the surface of the wood on the right, while on the left 
both phloem and cortex are absent. 

Fig. 4 shows a detailed longitudinal section of part of the pith. 
The stone cells, with their layered and laminated walls, can be 
seen intermingled with the thin parenchymatous elements, which 
constitute the rest of the medullary tissues. The lamination of 
the walls of the stone cells is to be regarded as the result of the 
conditions of fossilization, as these cells in similar material from the 
Kreischerville deposits, in the best preserved twigs, show no indica- 
tion of lamination. 

Fig. 5 shows a transverse section of part of the lower region of 
the cone axis. The phloem and xylem are both present and in a 
good condition of preservation. The former occupies the upper 
part of the figure and is obviously not of the type found in the 
Cupressineae and Taxodineae (Sequoiineae), since the striking 
alternating stripes of hard bast fibers, which are characteristic 
of the phloem of the two coniferous tribes just mentioned, cannot 
be seen. A zone of decay marks the position of the cambium. 
Below this region appears the wood, composed of rather small 
tracheids. The rays can scarcely be made out, since they are 
composed of smooth thin-walled cells, which very readily collapse. 
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In the wood on the extreme right and left and radially nearer the 
right center, are seen dark patches, which on superficial examina- 
tion might appear to be the resin cells, characteristic of the wood 
of the Cupressineae and Taxodineae. An attentive microscopic 
examination of these, however, shows them to be clusters of 
black crystals of iron pyrites contained in the tracheids of the 
wood. 

Fig. 6 illustrates the structures of the wood as seen in longi- 
tudinal section. Toward the left can be seen the cells of the pith, 
while to the right of these can be made out the ringed and spiral 
elements of the primary wood. Further to the right, and occupy- 
ing over half of the field, is part of the secondary wood. The 
elements of the wood are narrow and are occupied by pits which 
in no case are contiguous or in more than a single row. With the 
restricted conception of araucarian woods which has prevailed 
almost until the present time, pitting of this character would not 
be regarded as indicative of araucarian affinities. As the result 
of recent investigations into the structure of mesozoic conifers, 
we now know that the wood genus Araucarioxylon Kraus does not 
cover all the araucarian ligneous types of the past. This genus is 
characterized by alternating or flattened pits on the radial walls 
of the tracheids, by smooth-walled ray cells, and incidentally by 
the absence of resin canals formed as a result of wounding. As has 
been pointed out by the present author in the memoir on the — 
Kreischerville conifers and in other publications there cited, there 
are two other araucarian wood types in the Mesozoic, namely 
Brachyoxylon and Araucariopitys. In the former the pits are 
often of the flattened or alternating character found in the Araucari- 
oxylon type, but likewise are as often neither alternating nor 
flattened. Further, Brachyoxylon differs from Araucarioxylon 
in the formation of resin canals as the result of wounding, and 
resembles it in the possession of smooth-walled ray cells. Writers 
on cretaceous plants in general have failed to distinguish Brachy- 
oxylon from the Araucarioxylon type. In Araucario pitys we find, 
in addition to the pitting and wound reactions of Brachyoxylon, 
the strongly pitted ray cells which are characteristic of the Abie- 
tineae. This enumeration of araucarian woods, however, is not 
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exhaustive, for recently a new type has been described‘ in which 
the alternating or flattened pitting, which on the former under- 
standing of the Araucarineae was characteristic of the wood of this 
coniferous stock, is entirely absent. Thus we come to the para- 
dox of an araucarian wood without araucarian pitting. Quite 
recently Miss Gerry has shown‘ that the essence of the araucarian 
ligneous type is the absence of the bars of Sanio in the tracheids, 
and not necessarily the mode of arrangement or the shape of the 
radial pits of the tracheids. . 

With the citation of recent investigations on coniferous woods, 
we are now in’the position to consider the affinities of our cone 
axis. It has been pointed out in the foregoing paragraph that the 
cone under consideration had tracheids with unapproximated, 
unflattened, and non-alternating pits. Under the former con- 
ceptions as to the affinities of coniferous woods, our axis would cer- 
tainly have been placed with Cedroxylon or even Cupressinoxylon, 
rather than with the Araucarineae. The smooth walls of the ray 
cells exclude our axis from the ligneous genus Cedroxylon, which 
properly conceived is characterized by the strongly pitted char- 
acter of the medullary ray parenchyma, as has recently been 
insisted upon by GoTHAN. The wood of the cone axis under dis- 
cussion is, as has been indicated above, in parts in an admirable 
condition of preservation, and it has been accordingly possible 
to ascertain definitely that the bars of Sanio are quite absent. 
This important criterion brings our wood under the Araucarineae 
in the broadest sense, and among the numerous ligneous types 
which are now known to have belonged in this formerly very 
varied and comprehensive coniferous tribe. Among the known 
types of araucarian woods, it obviously falls into the genus Para- 
cedroxylon of SINNOTT. 

Conclusions 


It is apparent from the description of the cone axis of the sup- 
posed species of Sequoia known as S. gracillima, given in the fore- 


4Srnnot, E. W., Paracedroxylon, a new type of araucarian wood. Rhodora 
I1:165-173. 1909. 

5 GERRY, EtotsE, The distribution of the “bars of Sanio” in the Coniferales. 
Annals of Botany 24:119-124. 1910. 
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going paragraphs, that our specimen cannot belong in any way to 
the genus as at present anatomically characterized. For in the 
very important particulars of wood structure, organization of the 
phloem, as well as the constitution of the pith and cortex, it differs 
absolutely from all existing members of the Cupressineae and 
Taxodineae. It is equally clear, from a consideration of all the 
features of histological structure just indicated, that the cone 
axis under discussion belongs with those Araucarineae of the more 
primitive type which became extinct with the close of the Mesozoic 
period. There remains, however, one point to be elucidated. It 
has been shown in the memoir on the conifers of Kreischerville, 
frequently cited above, that the vegetative twigs known as Sequoia 
Reichenbachii had structure of the Brachyoxylon type, that is, a 
type intermediate between the true Araucarioxlyon type and the 
Paracedroxylon type described by Sinnott. Our cone, which 
beyond any reasonable question belongs in the same genus, has 
not the Brachyoxylon type of wood, but on the contrary shows all 
the features of ligneous organization found in Paracedroxylon. It 
is a somewhat well established principle in coniferous anatomy 
at the present time, which is applicable to an even wider range of 
anatomical facts, that the reproductive axes of this order of gymno- 
sperms are apt to perpetuate the structure of ancestral types. 
For example, the structure of the wood in the cones of existing 
pines is now known to retain the type of wood structure found in 
the vegetative branches of the pines of the Lower Cretaceous. 
Applying this principle to the cone axis at present under consider- 
ation, it is rendered probable that the Paracedroxylon type was 
characteristic of araucarian vegetative twigs representing the 
ancestral forms from which the so-called cretaceous sequoias were 
derived. We have thus another and independent argument for 
the thesis maintained for some years by the present author, in 
opposition to the received view of most other writers on the conifers, 
namely, that the Auracarineae characterized by the Araucari- 
oxylon type of wood cannot be regarded as primitive members of 
the stock, but that the Brachyoxylon, Araucariopitys, and Para- 
cedroxylon araucarian types are all older than Araucarioxylon and 
connect it in one way or another with the type of wood found in the 
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Abietineae, particularly the older Abietineae, of the Pinus type. 
The discovery of an ancient pinelike conifer, Prepinus Jeffrey, 
with generalized short shoots bearing many spirally arranged 
leaves, characterized by the possession of fibrovascular bundles 
with well developed centripetal wood of the archigymnospermous 
type, as well as the details of organization found in the leaves 
of certain Cordaites, appears to make it quite clear that we must 
look in the direction of the Abietineae, rather than in that of the 
Araucarineae, for the primitive representatives of the Coniferales. 


Summary 


1. Sequoia gracillima, so-called, cannot be regarded as belonging 
to the living genus to which, on its superficial characters, it has 
been referred. 

2. It is an araucarian conifer, and in accordance with accepted 
principles of nomenclature should in future be referred to the 
genus Geinitzia. 

3. The structure of the cone axis in the so-called Sequoia gra- 
cillima (Geinilzia gracillima) vouches for the accuracy of the 
reference of detached cone scales of species of Geinitzia, and other 
araucarian conifers of similar type from the Lower Cretaceous, 
to araucarian affinities. 

4. The structure of the cone axis of Geinitzia gracillima, being 
less like the Araucarioxylon type than that found in the vegetative 
twigs of representatives of the genus from the Lower Cretaceous, 

urnished additional and independent evidence for the derivation 
of the araucarian stock from an ancestry essentially resembling the 
existing Abietineae. 
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EXPLANATION OF PLATE VIII 

Fic. 1—A cone of Geinitzia gracillima, slightly reduced, viewed from 
opposite sides. 

Fic. 2.—Transverse section of the peduncle of the cone of G. gracillima. 
X40. 

Fic. 3.—Longitudinal section through a higher region of the same cone. 
X40. 

Fic. 4.—Longitudinal section through the pith of the same. X8o. 

Fic. 5.—Transverse section of the lower region of the cone axis. X 180. 

Fic. 6.—Longitudinal radial section of the wood of the cone. X 180. 
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STUDIES ON THE RELATION OF THE LIVING CELLS 
TO TRANSPIRATION AND SAP-FLOW 
IN CYPERUS. I 


JAMES BERTRAM OVERTON 
(WITH ONE FIGURE) 


Historical discussion 

Recent studies have revived with considerable vigor the doc- 
trine that the presence of the living cells in the stem is necessary 
for the ascent of sap. The earlier evidence as to the necessity of 
living cells for sap-flow, as presented by GODLEWSKI (15) and sup- 
ported by WESTERMAIER (41, 42) and JANSE (16), was shown 
to be inadequate by STRASBURGER (30, 31) in a series of elaborate 
experiments, in which long portions of stems were killed with steam, 
hot water, and poisons, and the dead parts proved to be still 
capable of conduction. Several authors have refused to accept 
STRASBURGER’S conclusions and have presented important criti- 
cisms of his experimental work. 

The vitalistic theory of sap-flow, as it may perhaps be called, 
has been vigorously exploited by URSPRUNG (32-37) and further 
supported by his student RosHarpt (24). Ursprunc’s methods 
and conclusions, however, have in turn been severely criticized by 
Josr (17, 18), Drxon (9-12), and CzApExk (7, 8). 

URSPRUNG conceives that the living cells of the stem either 
may function in keeping the vessels in a proper state for conduc- 
tion, or else they may take a direct part in the elevation of the sap. 
He believes that their lifting power is the more important function 
in tall plants, but that in low herbaceous ones the living cells may 
keep the vessels in a proper condition for conductivity. In support 
of his views he has carried out a series of experiments, in which 
portions of the petioles or stems of rooted plants were killed with 
heat, low temperature, or poisons. 

UrspRUNG’S (32) experiments were carried out on leaves of 
Primula obconica, Pelargonium zonale, Begonia sp., Impatiens sp., 
Botanical Gazette, vol. 51] [28 
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and on stems of Vicia Faba, Phaseolus multiflorus, Hedera Helix, 
and Fagus silvatica. By treating short stretches (1, 2, or 3 cm.) 
of the petioles of Primula with steam for 3 minutes, he found that 
no immediate, visible effect is produced on the leaves; while if 
longer portions (6-9.5 cm.) are killed, wilting follows in about 
4 hours. These observations are further supported by similar 
experiments on Pelargonium, Begonia, and Impatiens, from which 
he finds that the leaves wither more and more rapidly as the lengths 
of the killed portion are increased, even when the killed region is 
protected, and this shows, according to URSPRUNG, that wilting 
is not due to a lateral evaporation in the killed portion, but to a 
lack of sufficient water supply. He finds no stoppage of the vessels 
as the result of treatment. If stoppage of the vessels were caused 
by the treatment, he believes the leaves would wither as quickly 
above a short as a longer killed region. 

For the study of sap-flow in stems URsPRUNG chose three plants 
of Phaseolus as nearly alike as possible. Removing all except the 
two topmost leaves, he killed the stems of two plants for 40 cm. 
above the soil, leaving 20 cm. untreated below the leaves of one 
plant. The killed portion was left exposed, while the other was 
covered with paraffin. The leaves on both plants wilted in 2-4 
days, being entirely dry in 4 days. The leaves of the unprotected 
plants wilted faster. A plant 63 cm. high was killed for 22 cm. 
above the soil; the leaves remained turgescent for 19 days. From 
these and other experiments on Phaseolus he concludes that the 
longer the killed portion of the stem, the sooner the leaves above 
wither, and that the living cells are necessary to the elevation 
of water in sufficient quantities. On killing 80 cm. of a rooted 
stem of Hedera, the youngest leaves were observed to wilt in 1.5 
days. Leaves situated below the killed region were not affected. 
Histological examination failed to reveal any stoppage of the 
vessels. In case of the stem, withering in Fagus could be observed 
in 2 days when 80 cm. of the stem were killed, while the leaves 
remain turgescent for 20 days when only 3 cm. were killed. In 
repeating some of his experiments on Fagus, he (34) observed that 
wilting and discoloration in spots occurred on the leaves. Similar 
discoloration was also observed when leaves were simply deprived 
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of water. In the case of leaves which bore spots, he observed 
that they still remained after drying, and concluded that they 
were not caused by the heating of the stem. By heating only 
the outer portions of a ‘“‘tolerably thick” Fagus stem with steam 
for ‘‘a short time,” he found that the leaves remained turgid for 
9 days, and assumes that the plant can conduct water if only some 
of the living cells are present. In the case of several other experi- 
ments on woody stems, portions of which have been killed with 
steam, he found that the vessels were stopped for several centi- 
meters above the killed portion. The wilting supervened in these 
cases no sooner than in other cases in which no stoppage was 
observed. He believes that wilting may occur in cases when 
stoppage is not present. 

URsPRUNG (34-37), parallel with steam, has also employed 
girdling experiments on about 20 species of plants besides Fagus. 
When 10 cm. of richly leaved branches of Ulmus and Populus 
are killed with steam, the leaves wilt in 1-2 days, while in Prunus 
they last for 25 days under similar treatment. He has also killed 
branches and stems for a length of 3-10 cm. near the top and near 
the base. The nearer the killed stretch is to the leaves, the sooner 
they wither. With the exception of Prunus, the leaves remain 
longer turgescent, some ten times as long, when 3 cm. than when 
80 cm. are killed. His girdling experiments gave very divergent 
results in the different plants studied. Viburnum kept its leaves 
turgescent for 45 days; Ulmus leaves began to wilt in 1 day. 
URspRUNG concludes from these heating and girdling experiments 
that two factors are concerned in the death of the leaves: (1) 
increased resistance to sap-flow, (2) diminution of the power of 
transportation. He believes that the very great difference in 
time of wilting in different plants is due not to differences in their 
sensitiveness, but to a difference in their capacity to conduct and 
hold water under the condition of the experiment. A slow water 
transport may be due to an increased resistance to flow or to a 
decrease in the power of the transportation of the stem. Since 
stoppage of the vessels is not universally present in treated 
stems, he thinks that the increased resistance to flow is not to be 
considered. According to him the transport of water is partly 
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physical and partly vital, and the vital factor is eliminated by 
killing a portion of the stem. 

UrspRUNG (34) has also used ether, induction currents, il low 
temperature to kill portions of the stems of both cut and rooted 
plants. By removing half of the cortex for 10 cm. from the branches 
of Fagus and exposing the wound to ether, the leaves were observed 
to wither in 2-3 days. By cooling portions of the branches of the 
same species with ice for 12-30 cm., the leaves above were always 
observed to wilt in 2-6 days, depending on the length of the cooled 
portion. ' All of these researches cause URSPRUNG to conclude that 
the living cells are in some way essential to the ascent of water. 

STRASBURGER also performed some experiments on plants in 
connection with the roots, killing various stretches of the stem 
with heat. URsPRUNG (32, 33) in discussing these experiments 
notes that the leaves above fade, and concludes that the water 
does not pass through the killed portion in sufficient quantities 
to supply the leaves. He thinks, therefore, that STRASBURGER’S - 
experiments show that the living cells of the stem are necessary 
in order that a sufficient amount of water may ascend to supply the 
leaves. He further cites in favor of his own view the experiments 
of Borum (3), in which 18 cm. of stems of bean plants were killed 
with steam, noting that the leaves above “‘lived”’ for a period not 
longer than 3 weeks; wilting usually occurred sooner. BOEHM 
considered that the wilting was due to a plugging of the vessels 
with mucilage or to a severing of the water columns. URSPRUNG 
passes over this observation with the remark that it teaches 
nothing new. 

Considering the possibility of the participation of the living 
cells of the stem of a plant in sap-flow, Drxon (9) has repeated 
some of the experiments of URSPRUNG (32) with rooted stems and 
attached leaves. Although he fully supports URSPRUNG’s account, 
he gives quite a different interpretation of the results obtained. 
When only ‘‘short lengths” of the stems of Primula, Chrysan- 
themum, Syringa, Philadelphus, and Cytisus were killed by heat, 
the leaves beyond ‘‘scarcely suffered,” little injury appearing; 
but when 2-5 cm. lengths were killed, the leaves showed injury 
in proportion as the length of the killed region was increased. 
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This progressive effect Drxon attributes to the probable introduc- 
tion into the leaves of poisonous or plasmolyzing substances from 
the dead cells. Three branches of Syringa were placed in water 
and three others in a filtered decoction made by boiling stems 
of the same kind and filtering and cooling the fluid. The stems 
which stood in the decoction wilted its leaves in 2 days, while the 
stems in fresh water wilted their leaves in 5 days. As compared 
with stems set in fresh water, wilting took place much faster 
in those placed in the decoction. In order to show that this effect 
was not due to a clogging of the vessels, the immersed ends of the 
stems were frequently cut away. The injurious properties of the 
decoction remained, showing that wilting was probably not due 
to a clogging of the vessels by comparatively impermeable sub- 
stances, since these would have been removed by the repeated 
filterings. Drxon suggests that it is possible that the application 
of heat in these experiments may to some degree have permanently 
interrupted the water supply by breaking the water columns. 
URsPRUNG (35-37) has repeated Drxon’s experiments described 
above, using Impatiens sultani, and has reached the same results. 
Microscopical examination showed him that the vessels at the 
base of the stem were plugged with a brown mass. Upon bring- 
ing a plant which had stood in a decoction into a moist room, 
the leaves again became turgescent. When stems which had 
become stopped by standing in a decoction were placed in water, 
the leaves rapidly became turgid. The leaves of plants which 
had been standing in a solution of CuCl, remained wilted when 
brought into a moist room. He was unable to find stoppage in 
plants which had been placed in CuCl,. He concludes, therefore, 
that his researches show that the wilting of the leaves is not due 
to a poisonous action of the decoction, but to the insufficient water 
supply caused by the stoppage of the vessels. He further placed 
a rooted Impatiens plant in a concentrated Impatiens decoction. 
After 2 days, microscopical examination showed that the proto- 
plasm of the root hairs was in a perfectly normal condition. The 
leaves of this plant remained completely turgescent, while those 
of a cut shoot placed in a decoction rapidly wilted. The decoction 
possesses, therefore, according to him, no plasmolyzing substances. 
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Dixon (10-12) finds that water forced through a steamed por- 
tion of a stem is tinged with a brown substance, while water forced 
through an unsteamed or otherwise heated stem emerges as a clear 
liquid. He also performed experiments on cut branches of Syringa, 
placing some in water and others in a decoction of the same plant. 
The leaves on the stems set in water wilted in 5 days; those set in 
the decoction wilted in 3 days. URrsprunc, performing similar 
experiments with Impatiens and obtaining similar results, does 
not believe that the leaves fade because they are poisoned by the 
decoction, but that they fade because of a stoppage of the vessels 
at the cut end of the branch with a brown mass which interferes 
with the water supply. Among other experiments along this line, 
Drxon killed one arm of a bifurcated Syringa shoot with hot water. 
The leaves were then removed and pure water was supplied through 
it to the living branch, so that the leaves on it received their water 
supply through the main stem and through the dead branch. In 
spite of the ability of the leaves on the living branch to receive 
their water supply from the roots as well as through the dead branch, 
they soon showed signs of wilting, resembling the early-stages of 
fading characteristic of the leaves above a heated portion. Drxon 
thinks that the leaves fade because substances are formed during 
the heating of the stem which are carried to the leaves and act 
injuriously upon them. He further concludes from his experi- 
mental evidence that the fading of the leaves on a heated stem is 
not the same as occurs normally when leaves are simply deprived 
of water. In leaves above a killed stretch he observed a contrac- 
tion of the protoplasts of the mesophyll cells and a discoloration 
of the chloroplasts in the areas which were turning color. DIxon 
holds, therefore, with VESQUE (38, 39) that in one case the leaves 
die because they dry, while in the other case they dry because they 
die, which appears from my observations to be a true statement of 
the facts. 

RosHARDT (24), proposing to study the problem of sap-flow as 
outlined by UrspruNG, has performed experiments on 131 species 
of 59 families of shrubs and herbaceous seed plants, by killing 
certain stretches of the petioles, stems, and branches with steam, 
ether, xylol, or low temperature, and determining what effect the 
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treatment may have on sap-flow. For comparison with my 
observations on Cyperus, ROSHARDT’S experiments on the grasses 
are of particular interest. Experiments were made upon Bromus 
sterilis, Bromus hordeaceus, Dactylis glomeralta, Poa pratensis, 
Agropyrum repens, Glyceria plicata, Arrhenatherum elatius, Lolium 
perenne, Cynosurus cristatus, Secale cereale, Miscanihus poly- 
dactylos, and Bambusa aurea. With the exception of Secale, 
Miscanthus, and Bambusa, 5-10 similar halms were killed for the 
same stretch. Although the grasses agree generally in the mor- 
phological structure, he finds that their response to the treatment 
was widely different. He was unable to observe distinct wilting 
of the leaves except in Bromus hordeaceus, and then only in direct 
sunlight. In other species of the grasses, yellow-red spotting to- 
gether with a yellow discoloration of the leaves appeared, which was 
followed by shriveling. The leaves began to dry first at the tips and 
fading began from below upward, the upper leaves drying last. The 
flowers and fruits remained fresh longer than the leaves, and the 
halms dried last. The leaves of Miscanthus wilted from above 
downward on the stem. The lack of water was often indicated 
by a rolling of the leaves, which occurred in Agropyrum and 
Bambusa. He tabulates the results in cases in which a length 
of 10 cm. of the halms was killed in order of their drying: Bromus 
sterilis (dry in 17 days), B. hordeaceus (16 days), Bambusa (13 days), 
Dactylis (12-14 days), Glyceria (10 days), Poa (g days), Lolium 
(9 days), Arrhenatherum (about 8 days), Miscanthus (7 days), 
and Secale (about 7 days). When 20 cm. of the halms are killed, 
the following order results: Agropyrum (12-13 days), Bromus 
hordeaceus (12 days), Bambusa (10 days), Glyceria (8 days), Poa 
(5-7 days), and Miscanthus (2-5 days when 22 cm. were killed). 
It will be seen that the leaves of Bromus hordeaceus remain fresh 16 
days when 1o cm. are killed, while its leaves dry more quickly 
(12 days) when 20 cm. are killed. He feels justified in concluding 
from these results that the longer the killed stretch the sooner 
the leaves above indicate a deficiency in the water supply by drying. 

ROSHARDT’s tables show that killing the same stretch of the stem 
of nearly related forms of the same genus produces very different 
effects in the time of wilting of the leaves. He has compared 
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several plants as to time of wilting when 10 cm. of the stem were 
treated, with the following results: Hypericum 17 cm. (22 days), 
Lycium 20 cm. (16-17 days), Physalis 20 cm. (9 days), Anthriscus 
16-20 cm. (about 10 days), Pisum 27 cm. (9 days), Hemerocallis 
20cm. (9 days), Sambucus 20 cm. (about 9 days), Rheum 12 cm. (12 
days), Bromus sterilis 10 cm. (12 days), Spiraea Thunbergii 13 cm. 
(11 days), Ampelopsis 8 cm. (12-13 days). The leaves of the fol- 
lowing plants withered very quickly when to cm. of the stems 
were killed: Polygonum virginianum 2.5 cm. (o days), Circaea 
lutetiana 2.5-3 cm. (o days), Ficaria 9.5 cm. (o days), Primula 
obconica to cm. (0 days), Malva (petiole) 10 cm. (0.5 day), Urtica 
(petiole) 2 cm. (about 1 day), Campanula rapunculoides 2 cm. 
(1 day), Petunia 2 cm. (1 day), Crepis (young plant) 5 cm. (1 day), 
Narcissus Pseudo-Narcissus 6 cm. (1 day), Gentiana lutea 9 cm. 
(1 day), Adenostyles 10 cm. (a day), Verbena 13 cm. (1 day), 
Cannabis 8 cm. (about 1 day), Helianthus (young leaves) 3. 5-6 cm. 
(1-2 days), Primula elatior 2-7 cm. (1-1.5 days). 

Besides using steam and low temperature to kill various stretches 
of the stems and petioles, RosHARDT has employed ether and xylol, 
applying the fluid to the parts with a fine brush. The petioles 
of 8 plants of Arum maculatum were treated with ether, and those 
of 12 other plants with xylol for a distance of 7-14 cm. He found 
that the leaves wilt, discolor, and dry in 9-14 days. By treating 
a 23 cm. stem of Phaseolus multiflorus with xylol for a 10 cm. 
stretch, the leaves were observed to wilt in 2 days and to be dry in 
4 days. The leaves of Tropacolum, whose petioles were painted 
with xylol for 6-20 cm., wilted in 2-4 days and dried in 4-7 days; 
controls cut and placed in the neighborhood wilted in 2 days and 
dried in 7 days. He carried out experiments on Oxalis Acetosella, 
observing what effect the painting of the petioles with ether or 
xylol would have on the sleep movements of the leaves. A num- 
ber of petioles of 12 plants were painted with ether for ‘“‘short 
stretches.” Immediately the leaves assumed the characteristic 
sleep positions, which they kept until evening; they had assumed 
their normal positions by the next morning; after 4 days, discolora- 
tion and wilting took place. A control plant was stroked with a 
brush without the ether and the leaves behaved normally. Por- 
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tions of the petioles of 4 plants of Oxalis were painted with xylol 
for 3 cm.; the plants failed to assume the sleep position; the leaves 
wilted in 2 days and dried in 3 days. Control plants wilted in a 
few hours after being cut. RosHARDT is inclined to think from 
these results that ether is absorbed and carried to the leaves, while 
the xylol is not carried to the leaves. He has performed other 
experiments on other species with these two substances with 
similar results. 

In order to test further the truth of this hypothesis, RoSHARDT 
has performed experiments somewhat similar to those which I 
shall describe, the results of which appear in tables V, VI, VIII, 
and IX. He has interpreted his results, however, in an entirely 
different manner. Rooted plants of Arum maculatum, Phaseolus 
mulliflorus, Malva neglecta, Convallaria majalis, and Physalis 
alkekengi were experimented upon; two similar plants of each 
species were placed in a PFEFFER’S transpiration apparatus. 
One plant was left undisturbed and a section of the stem was 
steamed for a certain time. The water absorbed was calcu- 
lated in volumes,-and the amount transpired was determined by 
weighing at regular half-hour intervals. The investigation was 
carried on until wilting began. In his table (p. 352) which repre- 
sents his results on Arum, it will be noticed that the amount of 
water transpired during the first half-hour after treatment is 0.095 
gm., while 0.110 gm. was given off during the second half-hour. 
During the 3rd, 4th, and 5th intervals, 0.090, 0.095, and 0. 100 gm. 
respectively are lost. The succeeding periods also show some 
increases over the amount of water transpired during the preceding 
ones. It is noticeable that in the 6th interval no water whatever 
is given off. From these quantitative results RosHARDT concludes 
that apparently neither poisons, nor displacement of the contents 
of the vessels, nor a stoppage of the tubes occur as a result of 
killing the stem with heat, but the final (though not continuous) 
' decrease in the water transport is due to a lack of energy, which 
the dead cells are unable to supply. 

Ewart (14) adheres to the vitalistic theory, and, after repeating 
STRASBURGER’S experiment on a maple tree 15 m. high, concludes 
that picric acid is not a satisfactory poison for killing the stem 


| 


1911] OVERTON—TRANSPIRATION AND SAP-FLOW 37 


cells in such an experiment, owing to its retention in the walls 
of the wood vessels and its inability to diffuse well laterally. In an 
experiment in which the base of the trunk was first placed for 2 days 
in formic aldehyde, after which eosin was added to the solution, 
the latter rose to the top in 4 days. Ewart finds, however, that 
in this case eosin rises not in the poisoned part of the wood, that is, 
the outer younger rings, but in parts which the formalin had not 
penetrated at all or only in very dilute form and which were still 
alive. Even in this case the flow of eosin solution was only tempo- 
rary, nearly all conductivity being practically lost in 5 days. EwWArt 
concludes that his results apparently show that eosin solution fol- 
lowing formalin instead of rising in the young poisoned portion 
of the wood passed upward through the unkilled parts. ‘‘The 
ascent of sap in trees must be regarded as a vital problem in which 
vital actions, directly or indirectly, take part,” and is ‘“‘a vital 
problem in so far as it depends upon conditions which hitherto 
can only be maintained in living wood.” 

REINDERS (23) found that manometers placed one above the 
other on the same stem behave quite independently of one another, 
sometimes one and sometimes another showing the lower pressure. 
In a suspended water column the pressure decreases gradually 
toward the top. On account of the differences of pressure observed 
in Sorbus latifolia, Cornus, and Syringa, REINDERS feels constrained 
to conclude that the living wood is normally able to pump water 
actively. The irregularities in his pressure measurements led him 
to seek for the cause in the activity of the living cells of the wood. 
He believes that the irregularities would disappear if these influ- 
ences were removed; therefore he killed with steam a 2 m. stem of 
Cornus in two places for a distance of 10-12 cm., the distance 
between the killed portions being 66 cm. He also killed a 2.5 m. 
branch of Sorbus throughout its length, observing that the manom- 
eters at once showed more regularity; the leaves on this stem 
remained uninjured for 3 weeks. Four manometers were attached 
to the stem of a 2 m. Syringa vulgaris bush; the instruments after 
a short period all showed an equal ‘‘suction,’’ which soon varied 
during the night and day, although the differences in pressure 
were small, a higher pressure sometimes being indicated in one and 
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sometimes in another. After 15 days a branch bearing one of the 
manometers was killed, together with a portion of the stem to 
which it was attached, by passing an induction current through 
them. After at first showing slight variations in pressure, this 
manometer followed the same periods as the others, but always 
“sucked” slightly more. REINDERs has given us only a preliminary 
account of his experiments, and the final report will be awaited 
with interest. 

ZIJLSTRA (43), after having kept 50 cm. of the stems of a small 
apple tree and several plants of Polygonum cuspidatum and Helian- 
thus tuberosus cooled to o° C. 6-8 days, finds no fading of the 
leaves during that time, while leaves on cut branches hung in the 
neighborhood rapidly withered. In spite of this seemingly con- 
vincing result, he still believes that the living cells are necessary 
to sap-flow, as held by his associate REINDERS. His explanation 
is that it is quite probable that 50 cm. is too short a stretch to 
show conclusive results, although he did not take the trouble to 
treat longer portions. Both of these investigators, therefore, 
advocate the doctrine of a pumping action of the wood, as formu- 
lated by GopLEwsKI, for which the living cells are necessary. 
ZIJLSTRA allowed a solution of “‘sdiure violett’”’ to ascend dead and 
living branches, and then examined them microscopically. In the 
living ones only the tori of the bordered pits were stained, together 
with a thin layer of the walls of the vessels. In the dead branches 
the whole of the wood was uniformly colored. He concludes, 
therefore, that the ascending water takes quite a different course 
in dead wood from that in living wood. 

Jost (17, 18) points out that UrspruNG’s method of experimen- 
tation is an indirect one, and that, if it is not due to an increased 
evaporation in the scalded portion or to the stoppage of the vessels, 
which URSPRUNG was unable to find, then it must be due to the 
death of the parenchyma cells. He suggests that by heating the 
stem perhaps changes occur in the walls or in the contents of the 
vessels which one cannot readily observe with the microscope. 

CzaPEK (7, 8) also doubts the worth of such experiments as 
described by URSPRUNG, since in the killed portion physical disturb- 
ances may. be induced, such as drying out of the cells walls or 
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stoppage of the vessels, which in themselves would influence the 
passage of water even if the killed cells were otherwise capable 
of conduction. Both Jost and CzaPexk doubt whether all changes 
induced in the cells by heat can be seen with the microscope. The 
experiments of WEBER (40) on heated portions of Picea excelsa, 
in which he found that both boundaries of the treated region 
between the dead and living portions were unable to transmit water 
even under pressure, were confirmed and extended by JANSE (16). 
WEBER further detected a transparent substance in the vessels. 
The experiments tend to show that a stoppage of the vessels may 
occur in heated stems, and also that a partial poisoning of the 
leaves follows the death of the cells of the stem, since withering 
of the leaves begins before stoppage of the flow can be observed, 
as has been shown by Drxon. 

In microscopically investigating the leaves of Populus, Tilia, 

Syringa, Salix, and Acer borne above a treated stretch, Drxon (10) 
found that the mesophyll and the walls of the tracheae of the leaves 
become discolored before wilting occurs, which led him to suspect 
that the leaves are dying from other causes than mere drying. 
ROsSHARDT contends, however, that the discoloration of the meso- 
phyll and veins is no more an indication of poisoning than it is of 
mere lack of water, and that the discoloration of leaves on a stem 
with a killed section is not nearly so general as Dixon implies. As 
further proof that injurious substances are caused by heating the 
stem, Drxon mentions instances of leaves wilting directly below 
the killed stretch. RosHarptT states that in all of the 800 species 
which he treated he could not find wilting in any of the leaves 
below the killed portion. That substances can be forced downward 
by steaming the stem is shown by my observations on Cyperus. 
I have found that some vessels below the killed portions were often 
totally or partially filled with resinous substances, even as far as 
the roots. RosHARDT, on the other hand, failed to observe such 
stoppages either above or below the heated region. As further 
evidence that substances may be forced downward, my observa- 
tions on Cyperus show that when cut stems are placed in water 
and the stem heated, numerous air bubbles are forced out of the 
cut end by the treatment. 
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URsPRUNG (35-37) holds that Drxon’s idea that poisonous 
substances are carried to the leaves from the heated portion cannot 
be the correct one, since he finds that poisons such as CuCl, cause 
fading in quite a different way from that which occurs in the case 
of leaves on heated stems, and very much more quickly than is 
caused by a decoction of the stem supplied to the leaves in the 
manner described by Drxon. I can see no reason whatever for 
supposing that a metallic poison should have the same effect as the 
toxins which may be engendered by heating the stem, nor that the 
time required should be the same in both cases. By placing the 
faded leaves of an Impatiens branch, which had stood in a decoction, 
in a moist atmosphere, URSPRUNG observed that they soon regained 
their turgescence. He thinks this shows that the leaves are not 
affected by plasmolyzing substances of a decoction of the plant. 
It may be, however, that these substances exert their plasmolyzing 
influences more slowly, and that the turgescence may be recovered 
if the leaves are not dead. It is well known that leaves may undergo 
a very marked degree of wilting and still recover their turgescence. 
SCHROEDER has shown that most leaves can lose as much as one- 
half of their water content without severely suffering. 

SCHROEDER (27), in studying the symptoms of death as a result 
of wilting, finds that in most leaves a discoloration occurs, due 
to an oxidation of the tannin content. He also observed that in the 
early stages of death the chloroplasts move to one end of the cell 
or toward the middle; they round up and lose their typical color 
and structure. The protoplasts finally contract, the plastids take 
on a glassy appearance, and Brownian movements are observable 
in the cell contents. In the microscopical studies which I have 
made of the leaves on steamed stems, I have found many of the 
same conditions described by SCHROEDER, all of which indicates 
that these leaves are dying, not so much, it seems to me, from a 
lack of water as from the effect of some harmful substances. He 
finds that the rate of loss of water decreases from the beginning 
to the end of the process. The amount given off during any one 
interval is never greater than that of the preceding one. Death 
of the leaves greatly modifies the successively decreasing rate of 
water loss during wilting. The first 50 per cent of the fresh weight 
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of the leaf is usually very rapidly lost when dead, after which the 
amount decreases more uniformly. 

Jost puts the question clearly in maintaining that “a completely 
convincing experiment must show that the leaves which are supplied 
with water by a dead stem are able to remain for a long time alive.”’ 
The difficulty so far has been, in part at least, to render the living 
cells of a stem inactive without causing other changes, or only such 
as may beignored. It has been observed by BoEHM (3) and Stras- 
BURGER (30), among others, that in experiments in which certain 
portions of a stem are killed with steam, the leaves above these 
regions wither and die sooner than in the control, a phenomenon 
which Kosarorr (20, 21) also observed in his experiments on 
cooled stems. That water passes through the scalded or cooled 
region has been shown many times by placing cut ends of the stems 
in dyes. That it does not pass in sufficient quantities may perhaps 
be the cause of the earlier withering of the leaves on a branch, a 
section of which has been killed, as has been urged by UrsprunG, 
Ewart, and by RosHarpT in support of the vitalistic theory of 
sap-flow. URsSPRUNG employed steam and low temperature to 
kill sections of the stem in certain woody plants, or removed the 
bark without otherwise disturbing the connection between root and 
stem. In addition to steam, ROSHARDT has used low temperature, 
and in certain cases xylol or. ether. According to these authors, 
earlier withering of the leaves is a sure sign that a sufficient water 
supply does not pass through the killed portion. Both authors 
have shown that the longer the killed portion is, the more quickly 
the leaves above wither and fade, as was formerly observed by 
JANSE (16). 

That SCHWENDENER (29) still adheres to the vitalistic hypothe- 
sis of sap-flow is shown by certain passages in the last edition of 
his lectures on mechanical problems in botany, in which he says: 

Ohne dieses Eingreifen (Lebensthiatigkeit der Zellen) ist die Hebung 
des Wassers auf Héhen von 150-200 Fuss und dariiber einfach unméglich und 
alle Bemiihungen, die vorhandenen Schranken mit unklaren physischen An- 
nahmen zu durchbrechen, sind nicht viel mehr als ein Suchen nach dem Stein 
der Weisen. 

LECLERC DU SABLON (22) believes that the ascent of sap is 
easily explained by the osmotic qualities of the living cells of the 
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leaves, stems, and roots. The transpiration of the leaves and the 
absorption by the roots sets up a difference in pressure at the two 
ends of the plant. The principal factor, however, in the ascent 
of sap is the osmotic power of the wood parenchyma, which tends 
to keep the quantity of water constant. He thinks that transpira- 
tion simply serves to accelerate the rate of flow, but does not cause 
it (‘Le méchanisme des mouvements de la séve est donc le méme 
dans un arbre haut de roo métres que dans une herbe de quelque 
centimétres, dans une tige verticale que dans une tige horizontale’’). 

Drxon’s theory of sap-flow is perhaps the most thoroughly in 
accord with the experimental facts as they stand today. He holds 
that the elevation of water even in the highest trees is due to a 
tensile stress being set up in the tracheae of the leaves when water 
is abstracted from them by the evaporation from the leaves, which 
stress is transmitted to the water in the larger vessels. The water 
adheres to the walls of the vessels, so that the stress is resisted. 
The water ‘‘hangs”’ in the vessels ‘‘by virtue of its cohesion.” 
This theory has been objected to on the ground that the water 
columns are not continuous, and that air bubbles and vapor are 
present in the vessels. Drxon points out that owing to the perme- 
ability of the walls of the vessels, the water does form a continuous 
system. It will be seen that this theory eliminates the action of 
the living cells of the stem. Drxon cites the classic experiments of 
STRASBURGER (31) in which an oak 22 m. high was sawed through 
and placed in picric acid for three days until the liquid had risen 
3 m. The tree was then placed in fuchsin, which rose 18 m. in 
the dead stem in 8 days. Drxon believes that this experiment 
proves conclusively the uselessness of the living cells of the stem in 
sap-flow. 

Preliminary experiments 


It is plain that the question as to the effect of killing a section 
of a stem on the character and quantity of the sap-flow is still 
unsettled as to many particulars. There is no question that, as 
URSPRUNG admits, such stems conduct a certain amount of water 
for a considerable period of time. Experiments conducted on a 
quantitative basis are essential in such a problem, and the follow- 
ing studies have been carried on from this standpoint. After 
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several years of experience with classroom experiments, it has 
been found that the common umbrella plant, Cyperus alternifolius, 
is a very suitable species for such experimentation. The plants 
are easily cultivated in the greenhouse, often reaching 60-90 cm. 
or more in height. The aerial stems are free from nodes and leaves 
except at the top, where the large, many-rayed involucre of narrow 
leaves is situated. The younger leaves are comparatively trans- 
lucent, permitting easy observation of the rise of colored liquids 
such as eosin solutions. As will be seen below, the plants transpire 
rather rapidly as compared with those in ordinary use for laboratory 
experiments, giving off fairly large quantities of water per unit 
area of leaf surface. The rate of sap-flow is of course correspond- 
ingly rapid. Further, the stems and leaves are not easily injured 
by the mechanical manipulation often necessary in such experi- 
ments. Cyperus papyrus is also an excellent plant for comparative 
study on account of its longer stems, but the fading of the leaves 
is less readily observed, owing to their narrow threadlike form. 
The character of the involucral leaves allows a glass tube or 
Liesic condenser of suitable diameter and length to be readily 
slipped over the crown and down on the stem without injury to 
any part of the plant. Two-holed rubber corks may be split and 
clamped about the stem above and below and fitted into the glass 
tube. If small glass tubes are bent at right angles and inserted 
into the remaining holes of the corks, an inlet and outlet for steam 
is easily arranged. The steam may be conducted away to any 
distance so as not to injure the plants except in the desired region. 
The method of arranging the experiment is shown in fig. 1. By 
clamping the rubber connections and leaving the incasing glass 
tube on the plant after treatment, the stem is inclosed in a sterile 
chamber and is kept in a moist atmosphere which prevents its 
drying and does away with the necessity of using paraffin or 
other protective covering. If it be desired to use melted paraffin 
or wax, this may be poured into the tube, thus inclosing the 
injured region. In using a poison instead of steam, the fluid may 
be poured into the tube at the top and drawn off at the bottom 
after the treatment is finished. I have successfully used grafting 
wax to further secure the corks and connections and prevent 
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poisonous solutions from leaking out and injuring the stems below 
the chamber. Such an arrangement has the added advantage of 
allowing the treated portion of the stem to be easily observed 
during the experiment. For 
killing sections of the stem I 
have used steam, hot wax, 
and several poisons, treating 
sections of the stems for any 
desired length. As poisons 
I have employed saturated 
“aqueous solutions of picric 
acid, mercuric bichlorid, cop- 
per sulfate, potassium hy- 
droxid, 1 per cent aqueous 
solution of chromic acid, 4-40 
per cent formalin, alcohol, 
xylol, chloroform, and ZEN- 
KER’S fixing fluid. In every 
instance I have killed both 
shorter and longer stretches 
of the stems, and have com- 
pared the time required for 
the withering of the leaves, 
and the amount of water ab- 
sorbed and given off, with the 
same data from an untreated 
control plant cut and stand- 
Fic. 1.—Photograph of Cyperus plant ing with its base in water. 


having all but one leaf removed and growing [ have also made some micro- 
in a nutrient solution; this photograph show : a 

the incasing glass tube and connections ar- 


ranged for steaming a portion of the stem. stems above and below the 

killed portions, especially in 
the zone between the killed and living region, in order to determine 
if possible whether any visible plugging or stoppage of the vessels 
or other changes above the killed zone occur. Microscopic ex- 
aminations were also made to determine to what extent poisons 
penetrated the cells of the stems and the leaves as indicated by 
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their plasmolysis. I have further experimented in the same way 
with cut stems, in order to compare the amount and rate of 
transpiration with that of stems treated in the same way but kept 
in connection with the roots. Since several recent workers have 
raised objections to the use of cut plants in such experiments, 
this point is worthy of careful consideration. Throughout the 
investigation, all plants were kept as nearly as possible under 
similar conditions of light, temperature, and moisture. 

To determine the amount of water lost per unit area of leaf 
surface by the umbrella plant as compared with other common 
forms such as Helianthus annuus, potted plants and plants grown 
in culture solutions were used. In such experiments all of the 
stems but one were cut away, and the soil and pot were then so 
inclosed as to allow no loss of water except through the leaves. In 
case of plants grown in culture solutions the corks were sealed in. 
For these cultures 500 c.c. wide-mouth bottles were used. Flat 
corks to fit were split and fitted about the stems of the plants after 
they had first been wrapped with cotton wool for protection. The 
corks were sunk about 1 cm. below the edge of the bottle, so that 
melted wax could be poured in when it was desired to seal in the 
corks. The plants were grown in KNop’s nutrient solution as 
given by Detmer. Leaf areas were determined by using East- 
MAN’S ferro-prussiate paper; the white areas were cut out and 
weighed. By obtaining the weight of 1 sq. cm. of the blue print 
paper, the areas of the leaves were easily obtained. In order to 
determine whether the paper was uniform in weight, several 
weighings were made. The average weight of 1 sq. cm. was used 
as the unit in calculating the leaf areas. This of course must be 
doubled in determining the transpiring area if stomata are on 
both sides of the leaves, which is not the case in the normal plant. 
In order to calculate the rate of motion of the transpiration stream, 
the lithium method as described by Sacus (25) for rooted plants, as 
well as the eosin method, was used. In the latter case the rise 
of the eosin in the stems and leaves of cut branches was observed, 
as is easily possible in the umbrella plant by the aid of the hori- 
zontal microscope. 


Some of the experiments described by URSPRUNG and ROSHARDT 
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have been repeated, with similar results. Some experiments have 
also been made on plants other than Cyperus, but in this paper 
my description will be confined to this plant. 

SAMPSON and ALLEN (26), in studying the influence of external 
factors on transpiration, have found that “variation in the tran- 
spiration per unit area for a given time is found to be slight for 
plants of the same species, when about the same age, and grown 
and tested under similar conditions”; facts which my observations 
on Cyperus fully substantiate. 

The following table (I) shows the variation in the total daily 
amount of water lost in Cyperus plants of nearly the same age and 
size when grown and tested under our greenhouse conditions, 
The 5 plants in each series were selected with reference to likeness, 
and the weighings were made at the same time for 10 days, the 
average of which was taken as the average daily transpiration 
loss. The average daily temperature was calculated from the 
daily record of a self-registering RICHARD thermograph placed in the 
neighborhood of the plants. This is necessary, since the changes 
in temperature affect the transpiration rate to a very marked 
degree. The plants in series I were young, with their involucral 
leaves just expanded; those in series II were well developed, dark- 
green plants. 

TABLE I 
SHOWING VARIATION IN AMOUNT OF WATER LOSS BY PLANTS OF APPROXI- 


MATELY THE SAME AGE AND SIZE 


Series I | Series II 
| 


Average daily | | Average daily ‘Awan ily 

No. of exp. in | | No. of exp. | in 
4.5 | 24°C. | I | 20° C. 
4.7 | 2 1.9 20° C 
4.6 24° C. | 4 2.0 20° C 
4.2 24°C. | 5 1.7 20° C 


I have determined by the pot method and by means of plants 
grown in nutrient solutions that the average amount of water 
transpired per unit area for a given time is 4-10 mg. per sq. cm. per 
hour during a period of 24 hours. In comparison with the earlier 
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observations of SAcus on the amount of transpiration in Helianthus 
(about 2.23 mg. per sq. cm. per hour) and with those of more 
recent investigations, it is evident that Cyperus may at least be 
regarded as a rapidly transpiring plant under greenhouse conditions- 
Miss CLapp (6), in comparing a number of common plants as to 
transpiration, found that Helianthus annuus stands far ahead of 
the 30 other forms which she investigated. A plant with a total 
leaf area of 5.056 sq. cm. gave off.on the average 25.7 mg. of 
water for each sq. cm. of leaf surface per hour under ordinary 
greenhouse conditions. Hence Cyperus gives off a much smaller 
amount of water per unit area of leaf surface per hour than does 
Helianthus. 

The leaf stems have numerous stomata over their surfaces, 
while these structures are confined almost entirely to the under 
surfaces of the leaves. By removing the involucres of plants 
grown in nutrient solutions and sealing the cut ends of the stems 
with grafting wax, then making weighings, the daily transpiration 
per unit area of stem surface was found to be on the average about 
3.5 mg. per sq. cm. per hour. After having measured the average 
daily water loss of a plant in culture solution through its leaves 
and stems, the involucre was removed, the cut ends sealed, and 
weighings resumed for several successive days. 

TABLE II 


SHOWING AMOUNT OF DAILY WATER LOSS BY A PLANT BEFORE AND AFTER 
REMOVING THE LEAVES 


PLANT WITH LEAVES PLANT WITH LEAVES REMOVED 
. | Daily loss in Average _ Daily loss in Average 
Days grams | temperature Days grams temperature 
17.4 - I 2.2 | 
18.1 24° C. 3 2.1 24°C 
18.6 24° C. 4 23 25°C 
Average daily transp. loss 18.68 grams Average daily transp. loss 2.18 grams 


The data tabulated in table II were obtained by using a large, 
well rooted plant growing in a nutrient solution. The stem was 35 
cm. long, 4 cm. in diameter, bearing an involucre of 17 large rays. 
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The temperature was obtained by averaging the daily record as 
registered by a RicHARD thermograph. It is seen from the table 
that a plant giving off 18.6 gm. of water per day through its 
leaves and stem will transpire 2.2 gm. only through its stem. 
Observations with lithium nitrate show that water rises in 
stems of plants in nutrient solutions whose tops have been removed, 
at the rate of about 150 mm. per hour. Sacus (25) concluded 
that the transpiration current travels at the rate of 63 cm. per hour 
in Helianthus annuus, and that the rate of sap-flow varies greatly 
in different plants and in the same plant under different conditions. 
The method of measuring the rate of sap-flow by setting cut stems 
in dyes and observing the rise of the colored solution has been 
criticized by SAcHs, who showed that the water travels faster than 
the dye. A more exact method used by him consists in watering 
the entire plant with a solution of some lithium salt, or adding the 
salt to nutrient solutions, and ascertaining by means of the spectro- 
scope how far the salt rises in a given time, thus obtaining the rate 
of flow. 
TABLE III 


SHOWING THE RATE OF SAP-FLOW IN ROOTED PLANTS AS DETERMINED BY 
SACHS’S LITHIUM METHOD 


| 
Length of plant | Time taken to 


Rate Rate 
| ascen | perminute | per hour 
73 cm. | 24 min. 3.04cm. | 182.4 cm. 
5socm. | 20min. | 2.50cm. | 180.0cm. 
45cm. 15 min. | 3.00cm. | 180.0 cm. 
48 cm. | «I7min. | 2.82cm 145.2 cm. 
52 cm. | 20min. | 2.60cm. | 156.0cm. 
41 cm. | 15 min. 2.73 cm | 163.8 cm. 
36 cm. | <3min. | 2.76cm. | 165.6 cm. 
29 cm. | tomin. | 2.90cm. | 174.0 cm. 
60cm. | 15 min. | 4.00 cm. 240.0 cm. 
47 cm. |; I2min. | 3.91 cm 234.6 cm. 
35 cm. | Iomin. | 3.50cm. | 210.0cm. 
| 


In obtaining the data tabulated in table III, I have employed 
Sacus’s lithium method, and find that the rate of sap-flow in 
potted Cyperus plants and of plants in nutrient solutions varies 
from a minimum of 145 cm. per hour to a maximum of 240 cm. per 
hour. In cut plants the flow is slightly more rapid, the extremes 
being 180 and 250 cm. per hour. In comparison with Helianthus, 
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therefore, the rate of sap-flow in Cyperus is exceedingly rapid. 
Certain other herbaceous plants, however, have been reported as 
having a still more rapid flow, STRASBURGER observing that the 
rate of rise was 6 m. per hour in Bryonia and Cucurbita. We see, 
therefore, that Cyperus may at least be regarded as a rapidly 
transpiring plant, that its transpiration stream is correspondingly 
rapid, and that the amount of water given off from plants of rela- 
tively the same age and development show very little variation. 


Experiments with heat 


Over 200 experiments in which portions of the stems were killed 
with steam have been performed and the results carefully com- 
pared. The results of all of them are substantially in accord. 
The results obtained in several representative experiments are 
tabulated in table IV. 

In table IV the numbers in the first column on the left refer 
to the actual numbers of the experiments performed; for example, 
6—S (1908) means the sixth experiment in 1908 in which a 
portion of the stem (20 cm. in this case) was killed with steam. 
Each year the experiments performed were numbered anew. In 
the second column the length of the stem from the soil to the invo- 
lucre is tabulated. The length of the steamed portion varies from 
a minimum of 5 cm. to a maximum of 30 cm., as will be seen from 
the third column; the time of treatment was 10-30 minutes. In 
the fourth column the actual day and month when the steam was 
applied are shown. The plants were in all cases grown in pots in 
soil under favorable greenhouse conditions. The control plants were 
stems cut from the same pot as the one which had been treated, and 
were approximately of the same size and age. They were set in 
water in the neighborhood, and the time of wilting of the leaves 
compared with those of a killed plant. As is well known, the leaves 
on cut stems of this plant not placed in water wither within 24-48 
hours. I have omitted from this table the distance above the 
base of the stem at which the steam was applied, since I have 
found that it makes no appreciable difference whether it is applied 
near the leaves or lower down. 

It is plain that the leaves of umbrella plants which have a portion 
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| Length 
\Height of of 


stem 


steamed 
portion 


Time of 
treatment 


TABLE IV 


SHOWING RESULTS OF KILLING 5 TO 30 CM. OF THE STEM WITH STEAM, AS 
COMPARED WITH UNTREATED PLANTS CUT AND SET IN WATER 


Date Results and comparisons 


6—S 
(1908) 


(1909) 


(1909) 


31—S 
(1909) 


48—S 
(1909) 


56—S 
(1909) 


| 30 cm. 


| 20cm. 


| 52cm. 


20 CM. | 


Io cm. 


Io cm. 


30 cm. | 


15 min. , 


15 min. 


15 min. 


15 min. 


15 min. 


20 min. 


20 min. 


20 min. 


30 min. 


15 min. 


Leaves remained perfectly fresh 
and turgid for 7 days; Jan. 28 
began to droop; withered 
Jan. 30, or in 10 days from 
time of treatment; control 
plant, cut and set in water, © 
withered in 8 days. 

Fresh and turgid for 8 days; Feb. 
11. showed signs of withering; 
entirely wilted Feb. 13, or 
after 11 days; control plant in 
water withered in 6 days. 

Fresh and turgid after 8 days; 
March 13, began to wither; 
entirely withered March 18, 
after 13 days; control in water 
withered in 8 days. 

Perfectly turgid after 8 days; 
withered June 24; dry June 
26; control plant in water 
dry in 8 days. 

Results exactly the same as in 
exp. no. 14—S (1908), except 
control in water was entirely 

| dry in 7 days. 
| Turgid for 8 days; withering 
| April 15; entirely withered 

April 16, or after 10-11 days; 

control in water dry in 9 days. 

Withered on 11th day, April 22; 

control in water turgid for 9 

| days. 

Fresh and turgid for to days; 
withered April 30; control in 
water turgid for 9 days. 

Remained fresh for 4 days; 
April 27, showed signs of 
withering; next 2 days rapid 
withering; April 30, quite dry; 
stem turgid above and below 
steamed part, but collapsed in 
tube where steamed; no con- 
trols. 

Showed decided withering in 3 
days; entirely withered in 5 
days and dry in 7 days; con- 

trol in water turgid for 7 days 
and dry in g days. 


Jan. 20 


Feb. 2 


Mar. 5 


June 15 


April 5 


April 


April 19 


April 22 


May 3 


re exp. | 
| | | | 4 
| | 
| 
11—S /4ocm. 15 cm. | 
(1908) 
~ 
14—S 
(1908) | | | 
| | | 
| so—S 
(1908) 
2zocm.| 1ocm.| Mar. 15 
| 
| 
35cm.,10cm.| 
| | 
| | 
| 25 cm.| 15 cm.| 
| 
| 
| | 
| 
.| | 
62—S 
(1909) | 
| 
| 
| 


\ Results and comparisons 
| portion | | 


14cm. 15 min. Remained turgid for 7 days, then 
| | leaves drooped, edges inrolled, 
and plant dried in to days; 
control in water withered in 
6 days. 
Remained turgid for 8 days; 
(1910) | several leaves drooped on goth 
| day; dry in 7 days; control in 
water turgid for 7 days. 
41—S : . Mar. 4 | Turgid for 7 days; leaves droop- 
(1910) | ing on 8th day, dry on oth 
| | | day; control in water withered 
| in 7 days. 
52—S : a Mar. 22 | Turgid for 8 days, drying on roth 
(1910) | | day, withered on 11th day, dry 
| on 13th day; control in water 


withered in 8 days. 
63—S | Fresh and turgid for 8 days, 
(1910) | drooped on goth day, and dry 
| in 11 days; control in water 
| | withered in 8 days. 
74—S | 4 . April 16 | Withered in 7 days, entirely dry 
(1910) | in 8 days; control in water 
| withered in 7 days. 
1o1—S : .| May 2 | Wilted in 4 days, dry in 6 days; 
(1910) control in water withered in 
| | 7 days. 
1og—S Bt May 11 | Leaves drooping in 7 days, 
(1910) withered in 8 days, dry in 9 
days; control in water; 
withered in 6 days, dry in 7 
days. 
121—S | ’ ; May 23 | Drooped in to days, withering in 
(1910) | 11 days, dry in 12 days; con- 
trol in water withered in 6 
| days. 
133—S _ : June 7 Leaves turgid and fresh after 10 
(1910) | | days except tips very slightly 
drying, withering in 16 days, 
dry in 18 days; control in 
water withered in 8 days. 
137—S | ro min. | June 15 | Withering on sth day and drying 
(1910) | on 6th day; control in water 
| withered in 7 days. 


of their stems killed with steam remain turgescent for a consider- 
able time, and do not wither quite so quickly as those on stems 
cut and set in water. On treated stems the leaves remain turgescent 
5-18 days, while on stems cut and set in water they remain turgid 
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for a period not to exceed g days. The longer the steamed portion 
of the stem is, the sooner the leaves above lose their turgidity, 
wither, and dry. This is conspicuous in the cases of the plants 
in experiments 6—S (1908), 56—S (1909), 62—S (1909), 27—S 
(1910), 74—S (1910), 1o1—S (1910), rog—S (1910), and 137—S 
(1910), as compared with the others in which shorter sections were 
killed, as in 14—S (1908), 5o—S (1908), 5—S (1909), 24—S (1909), 
63—S (1910), and especially 133—S (1910) and 137—S (1910). 

When plants of Cyperus have a portion of the stems steamed, 
the leaves above show no immediate effect. After some time, 
depending upon the length of the stretch heated, the involucral 
rays usually begin to droop, closing more or less about the stem. 
Loss of turgidity then follows, the margins of the rays become 
rolled inward, and dryness supervenes. In some cases discolora- 
tion follows the treatment, the leaves becoming spotted. This 
discoloration usually takes place at the tips first, but may occur 
also at the bases of the rays. I have noticed that this discoloration 
is dependent upon the length of the stem killed. When very short 
portions are steamed, the leaves usually wither and dry without 
discoloring, behaving like those on cut stems in this respect. When, 
on the other hand, longer portions are heated, discoloration usually 
follows. This fact seems to me to indicate, as DIXON maintains, 
that poisonous substances may be carried to the leaves from the 
killed portion. 

In comparing the above results with those of experiments on 
Gramineae as described by RosHARDT, in which 10 to 20 cm. of the 
halms were steamed, Cyperus appears to be able to retain the turgid- 
ity of its leaves after such treatment about as long as any of the 
grasses. The leaves finally droop at the bases, so that the whole 
involucre closes about the stem like the ribs of a closed umbrella. 
This is always the first sign that the plant has suffered from the 
treatment; yellowing of the tips and bases may also occur; and 
finally the leaves dry out after, in some cases, assuming a drooping 
position. In some instances the edges of the drying leaf become 
inrolled. Perhaps the initial drooping of the leaves or loss of 
turgidity may be due to some toxic action initiated by the treat- 
nient. Leaves on cut stems of Cyperus lose their turgidity and 
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droop in 1-2 hours, and very soon become dry, agreeing in this 
respect with the behavior of the leaves of Bromus hordeaceus. 
My observations support RosHARDT’s conclusions on this point. 

By the method described above, plants growing in nutrient 
solutions may be conveniently sealed in the culture bottles without 
harming the plants, and the amount of transpiration from day to 
day may easily be determined by weighing. In order to ascertain 
whether less water is carried to the leaves after steaming, the rate 
of transpiration during each 24 hours for 5 days was determined, 
changes of temperature and the weather conditions being noted; 
then 10 cm. of the stem were killed with steam and the observations 
on rate of transpiration were continued. I have tabulated (tables 
V and VI) the results of such a series of observations. 


TABLES V AND VI 


SHOWING THE EFFECT ON AMOUNT OF WATER LOST DAILY BEFORE AND AFTER 
STEAMING I0 CM. OF STEM 


TABLE V—OBSERVATIONS BEFORE 


STEAMING : TABLE VI—OBSERVATIONS AFTER STEAMING 
| 
Date | Loss |Average Weather | Date Loss |Average| Werther | 
j in | tem- | conditions in conditions | Remarks 
grams perature) IgIo grams |perature | 


May 18 | 4.0 2g? C.| Clear May 23 | 1.7 |18°C.| Cloudy | Plant in good 
| condition. 
May 19/| 4.7 | 24°C.| Clear | May 24 | 1.5 | 25°C.) Cloudy | Stem above kill- 


| | ed part wither- 
ing. 
May 20} 5.8 |25°C.| Clear || May 25 | 0.9 | 19° C.| Cloudy | Leaf tips very 
slightly drying. 
May 21 | 3.2 | 39° C.| Cloudy,|| May 26 | 0.7 | 20°C.| Clear | Leaves withered, 
| | warm | dry, and in- 
| rolled. 
May 22] 2.9 |18°C.| Very |} May 27 | 0.4 | 23°C.| Clear Leaves entirely 
| cloudy | | | withered and 
| | | dry. 


Average transpiration in 24 | Average transpiration in 24 hours=1.04 grams. 
hours= 3.9 grams. i 


In tables V and VI the date of the observations is indicated 
in the first column, May 18-22, 1910 (before steaming 10 cm.), 
and May 23-27, 1910 (after steaming). In the second column the 
loss in grams before and after treatment is shown. There is a 
gradual decrease in the transpiration loss from 4 gm. to 2.9 gm. 
per day in table V, due probably to gradual lowering of the temper- 
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ature. The temperature was obtained, as previously, by taking 
the average of the temperatures recorded by the self-registering 
thermometer. After steaming, the diminishing transpiration can- 
not be due to decrease in temperature, since the temperature on the 
first day after killing the stem was the same as on the last day 
before steeming 10 cm. In table VI the average daily temperature 
gradually rises, while the transpiration diminishes from day to day, 
until on the last day (May 27) it is only 0.4 gm., having fallen 
off from 1.7 gm. on May 23. The weather conditions are recorded 
in order to show that decrease in transpiration is more dependent 
on the stem having been steamed than upon the changes of tempera- 
ture and light. 

It is evident from these tables that the amount of water tran- 
spired after steaming 10 cm. of the stem of Cyperus is very much 
less than before the treatment. The difference in temperature 
and weather conditions must be taken into account, but they are 
probably not sufficient to account for the very great difference 
in the amount of water given off in the two cases. In table V the 
average temperattre record is higher than in table VI, and there 
was more clear weather, but these differences do not account for 
the immediate and continued slowing down of the transpiration 
rate as shown in table VI. The amount (1.7 gm.) transpired 
during the first 24 hours after steaming is far below that of any 
corresponding period before treatment. On a very cloudy day, 
at a temperature of 18° C., the plant gave off 2.9 gm. of water; 
while on a very bright day, at a temperature of 25° C., it transpired 
only 1.5 gm. after a section of 10 cm. had been steamed. It is 
plain that steaming 10 cm. of a stem of this plant very soon affects 
in some way the amount of water given off by the leaves. 

In fairly mature shoots of Cyperus, the amount of water given 
off by the leaves in a given time may be assumed to be approxi- 
mately equal to the amount absorbed by the roots. Therefore, the 
steaming must in some way interfere with the amount of water 
that passes through the killed portion, as well as that given off 
by the leaves. There is of course an almost immediate withering 
and shrinking of the steamed portions of the stem; if this region 
is exposed it soon drys out also. Careful weighing shows that 
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iresh turgid leaves of this plant contain about 80 per cent of their 
dry weight of water, while drying leaves on steamed stems directly 
after treatment, that is, 2-3 days, contain only about 50 per cent. 
As further noted in the table, the drying and withering proceed 
gradually, the leaves first drooping at their bases. There can be no 
doubt that steaming a section of stem reduces the water supply to 
the leaves, and that they thus come to contain less water. Whether 
this is the cause of withering, however, is not altogether clear. 
It may well be that there is water enough to maintain turgidity, 
even though the total amount has been reduced. 

Drxon (9-12) concludes from experimental and_ histological 
evidence that the initial stages of fading are caused by a poisoning 
of the mesophyll cells of the leaves, while the final stages are accel- 
erated by a clogging of the walls and a stoppage of the lumina of 
the conducting tubes. Upon microscopical examination of the 
steamed region, no visible disorganization of the cells except in 
the peripheral parenchyma could be found. In these cells the 
protoplasts were collapsed and the chloroplasts were discolored. 
The vascular bundles and internal parenchyma appear normal. 
When such stems are cut off and set in eosin, however, the color 
does not appear alone in the bundles, but diffuses out into the sur- 
rounding tissue. Since in these experiments the stem has been 
confined in a sterile chamber, there is no chance for the action of 
bacteria, and I have failed to find bacteria present in the tissues 
after a period of 10 days. Although no visible disorganization 
in this region can be made out with the microscope, it does not follow 
that disorganization has not occurred, and that certain decom- 
position products may not be exuded into the transpiration stream 
and be carried to other parts of the plant. 

When steamed stems are split lengthwise, even without the aid 
of the microscope numerous dark streaks or lines in the tissues 
may be seen reaching as much as 15-20 cm. above the killed 
portion and often as far as the leaves. When the leaves are held 
up to the light, dark streaks can also be seen along some of the 
veins. I have studied both cross and longitudinal sections of the 
stems both above and below the steamed region. Under the 
microscope these streaks are seen to be vascular bundles, which 
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have been colored yellow or brown; the whole bundle is colored 
a yellowish brown or black. Nearly every bundle for some distance 
above the killed portion presents this appearance, while only occa- 
sionally one or more are seen colored below the region. The phloem 
is the part most deeply colored, being very dark brown and often 
almost black. A disorganization of the substances in the sieve 
tubes has apparently been caused by the heat; these substances can 
be seen to have penetrated the cell walls and to have passed out 
into the other elements of the bundle and also into the parenchyma 
cells. Under the microscope the substance which plugs the vessels 
appears like the mucilage or gum-resin so often present in liverwort 
gametophytes. It is yellowish in color and gelatinous in consist- 
ency; on testing with alkanin it is found to give the characteristic 
red reaction of resin. The xylem vessels also appear to be plugged 
with this same resinous substance. The smaller pitted vessels as 
well as the larger ones show this plugging, also the spiral and annular 
vessels, and even the large air spaces. It varies in degree; some- 
times all of the xylem will be stopped, and then again only one 
or more vessels. , The walls of the vessels also show the presence 
of this substance, and it is even present for some distance out in 
the surrounding parenchyma cells. When unstained with alkanin 
it is yellow or brown, depending upon the amount present; the 
deepest color is in the phloem, where it is nearly black, which goes to 
show that the substance originates here and diffuses out into the 
surrounding tissues. That it is not present in the killed portion 
itself is probably due to the fact that the heat vaporizes or expands 
the liquids and forces them upward and downward in the sieve 
tubes, and that the lateral diffusion into the surrounding tissues 
occurs later. This substance becomes visible very soon after steam- 
ing the stem. 

From the above observations there can be no doubt that in this 
plant substances due to steaming are exuded into the water passages, 
which may possibly obstruct the upward flow of water and prevent 
an adequate amount reaching the transpiring leaves above. These 
facts alone may possibly be sufficient to account for the diminished 
transpiration and diminished water content of the leaves indicated 
in tables V and VI. Whether this clogging accounts wholly for 
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the withering and final drying of the leaves, as has already been 
suggested by Drxon, is a difficult question. Although UrspRuNG 
and ROSHARDT were unable to observe such clogging substances 
in all of the plants experimented upon by them, they are entirely 
too conspicuous to be disregarded in Cyperus. Drxon (10) has 
also found clogging substances in Populus stems which have been 
treated with steam or hot water. 

I have also made experiments using decoctions of the stems of 
these plants as a water supply. After thorough sterilization of the 
decoction, cut stems were set init. In a very short time the xylem 
becomes plugged for some distance with the same resinous sub- 
stance, judging from its reactions to alkanin, as stops the passages 
when steam is applied to a normal plant, while the phloem remains 
unstained. The: leaves above soon lose their turgescence and 
rapidly fall off in the amount of water transpired. 

When fresh stems are set in water, the xylem vessels finally 
become plugged with dark-colored material, which is probably a 
decomposition product, due to decay or bacterial action. In order 
to be sure that the plugging of the stems set in the decoction was 
not due to bacteria, as URSPRUNG believes to be the case in Drxon’s 
experiments, I have examined both the solutions and the stems 
for the presence of bacteria and always with negative results. 

To further test Drxon’s hypothesis that heating a section of 
the stems causes substances to be formed which poison the plant, 
I have performed a series of experiments as follows. Nutrient 
solutions were made, in which a sterilized plant decoction instead 
of distilled water was used and the requisite salts added thereto. 
Plants grown in such nutrient solutions very soon show signs of fad- 
ing and the leaves become discolored, behaving in all respects much 
like those with steamed stems. A plant was sealed in such a culture 
solution on June 3 and kept under the most favorable conditions; 
the bottle was sealed to keep the solution sterile. In 3 days there- 
after the leaves began to droop, and in 5 days began to show signs 
of discoloration along the veins; in 7 days the leaves were streaked 
with yellow and appeared like those on steamed stems. A con- 
trol plant, which was set up in an ordinary nutrient solution in the 
same way at the same time, remained perfectly normal. The con- 
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ditions were identical with the exception of the use of the decoction 
in making up the nutrient solution. 

Sections were made of the leaves from a stem killed as just 
described. The protoplasts of the mesophyll cells were much 
contracted and the chloroplasts were discolored. The same thing 
is true of the leaves on a stem which has stood for some time in a 
sterilized stem decoction. The leaves from plants grown in a stem 
decoction also show similar appearances. All of my observations 
go to show that the plant after steaming is poisoned. Drxon (10) 
finds that discoloration of the leaves above the killed portion, 
and even on a separate branch if its water supply must pass through 
such a heated region, may occur. This he thinks is due to a poison, 
since leaves which wither simply from lack of water shrivel while 
they are still green. In Cyperus I have observed no such marked 
discoloration of leaves before shriveling. In many cases the leaves 
on a steamed stem dry without any discoloration whatever, 
although the protoplasts of the mesophyll may be completely 
plasmolyzed long before shriveling occurs. In other cases the 
leaves become discolered. 

UrsprRuNG believes that experiments with cut branches are 
untrustworthy in such problems as the one under consideration, 
since the conditions are not the same as when the plant is in con- 
nection with the roots. I have made a series of experiments to 
compare the results with cut branches with those obtained from 
rooted plants. The average daily rate of water loss was obtained 
for each stem, and then a portion of the stem killed with steam or 
hot wax and the weighings continued. That these cut stems 
behave like those in connection with the roots the following results 
will show. A section 10 cm. long of one of two similar cut stems, 
each of which gave off approximately 7 gm. of water in 24 hours, 
was steamed for 30 minutes; during the next 24 hours this amount 
decreased to 3.2 gm., and to 0.5 gm. in the third period, and the 
leaves were very dry. A control plant transpired 5.2 gm. during 
the first 24 hours, 4.7 gm. during the second 24 hours, and 4.2 
gm. during the third period. We see that in cut plants there is 
the same immediate and continued falling off in transpiration 
after steaming the stem as occurs when the stem is similarly treated 
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but left connected with the roots. A section of the stem 1o cm. 
long of one of two similar cut plants whose daily water loss was 
5.4 gm. was immersed for 20 minutes in hot wax, which was allowed 
to cool about the stem. This plant gave off 5.6 gm. of water dur- 
ing the next period of 24 hours, an actual increase over the amount 
given off before treatment; the control gave off 5 gm. during the 
same period. During the third period the plant with the dead 
section of stem gave off 1.8 gm. of water, and the control 2 gm. 
It seems evident from these results that steam has the same effect 
on the transpiration of cut stems set in water that it does on normal 
plants. 

Judging from the behavior of the leaves on a stem with a steamed 
section, from the collapse of the mesophyll cells, and from the 
apparent disorganization induced by steaming as indicated by the 
plugging of the water passages, I have been led to conclude that 
this method of killing the cells is not a satisfactory one in order to 
settle the question as to the relation of living cells to sap-flow. I 
agree with Czapexk that the killing of the cells should be accom- 
plished without further disorganization of the transpiring tissues. 
I have tried, therefore, to find a more satisfactory method of killing 
the cells of the stem without causing so much disturbance and dis- 
organization as is induced by steam. I have surrounded the stem 
in the region to be killed with hot paraffin or wax, by pouring it into 
the incasing glass tube at a temperature of 110° C. and allowing 
it to cool and set about the stem, thus killing it and protecting it 
during the experiment. In some cases I have found it necessary 
to protect the stem further with grafting wax. On microscopical 
examination I find that the portions thus treated are quite dead, the 
parenchyma cells having their protoplasts contracted, and the 
peripheral mesophyll cells being discolored, with their protoplasts 
contracted. No change could be observed in vascular bundles. In 
such stems when cut and set in eosin, the color passes up mainly 
in the tracheae, and does not diffuse laterally into the surrounding 
tissue as in steamed stems. I also find that much less plugging 
of the vessels above the killed portion occurs after this method, 
as well as less plasmolysis of the mesophyll cells. In every respect I 
think this method of applying heat is far superior to steaming, 
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though some plugging of the lumina occurs. I have tabulated 
(table VII) the results obtained by this method for comparison with 
those obtained in experiments with steam. 


TABLE VII 


SHOWING RESULTS OF KILLING CERTAIN PORTIONS OF THE STEMS WITH WAX HEATED 
TO 110°C. AS COMPARED WITH UNHEATED STEMS CUT AND SET IN WATER 


Height Length of 
of killed Date | Results and remarks 
stem portion | 


No. of exp. 


1—W 65cm. 6cm.| May 7 | Leaves began to wither May 23, after 16 
(1910) days; control in water dry in 5 days; 
wax relaxed about stem, exposing it to 
drying. 
W 60cm. 12cm. May7 | May 23, leaves slightly drooped but per- 
(1910) |  fectly turgid; May 25, leaves quite 
drooping, tips drying and _inrolling; 
May 26, leaves drying and inrolled; 
| dry after 19 days, cut off for examina- 
| | _ tion; control same as in no. 1—W. 
3—W | 50cm.) tocm. May 19 | June 11, leaves drooping; tips slightly in- 
(1910) | | rolled; withering June 16; involucre 
| | dry after 23 days; control in water 
| | dried after 7 days. 
4—W 53cm. rocm.| May Leaf tips drying and inrolling, slightly 
(1910) | | yellow; wax relaxed about stem; dry 
| after 14 days; cut off for examination; 
| | portion above killed region showed 
yellow streaks about bundles, but no 
plugging of the lumina; control same as 
| in no. 3—W. 
5—W | 50cm. 40cm.| May 19 | May 20, some leaf tips drooping; May 23, 
(1910) | | | | leaves beginning to dry; May 25, plant 
| | dry, after 5 days only; cut off stem and 
| set in eosin, color rose in vessels only; 
| | no visible plugging of lumina; control 
| same as in no. 3—W. 
3ocm. 20cm.) May 22 | June 2, leaves beginning to dry; June 3, 
| leaves quite dry; June 5, leaves entirely 
| | | dry; control in water dry in 7 days. 
7—W | 40cm.| 1ocm.) May 22 | June 6, involucre still turgid, but 3 rays 


6—W 
(1910) 


(1910) | beginning to turn yellow, other leaves 
| perfect in color; June 18, all leaves 
| | yellowing; June 20, plant quite dry; 
control dry in 8 days. 

8—W | 34 cm. | ! ] 

| | except the portion killed; all of the 


(1910) | 

| leaves green and turgid and none show 
_| the slightest signs of injury or discolora- 
tion; at this writing (48 days after 
treatment) leaves show no signs of 


-_ May 22 Juneg, plant still in perfect condition 
| 
| 
| 
| | wilting; control dry in 8 days. 


| 
| 


Experiments in which steam was employed to kill certain 
stretches of the stem, as indicated in table IV, show that the leaves 
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above such steamed regions remain turgescent for a period of 5-18 
days, depending on the length of the stretch killed. Comparing 
the results of table VII with those of table IV, we see that in killing 
by hot wax, the longer the killed section, the sooner the leaves 
above wither. On the other hand, this method of applying heat 
does not cause withering and final drying nearly so quickly as 
steaming. There can be no doubt that the treated portions were 
killed by the hot wax. Microscopical examination indicates that 
the cells are dead, but that there is much less disorganization caused 
by this sort of treatment than by using steam. These stems do 
not show so much initial plugging of the lumina of the vessels, 
although the ducts finally become much discolored. As the table 
shows, leaves may remain turgid for a period of 5-23 days (or longer 
in case 5 cm. aré killed), depending on the length of the stretch 
killed; while the maximum time of turgidity for stems with a sec- 
tion killed by steam did not exceed 18 days. To compare specific 
cases in table IV, nos. 14—S (1908), 50—S (1908), 5—S (1909), 
24—S (1909), and 63—S (1910) each had 10 cm. treated; the leaves 
on these plants withered in 8 or 10 days. In table VII, nos. 3—W, 
4—W, and 7—W each had the same distance killed, but the leaves 
did not dry until 14-34 days thereafter. They lasted nearly three 
times as long. 

I have also determined the actual amount of water transpired 
by the leaves of a plant before and after. treatment with the hot 
wax, just as was done in the case when steam was used (see tables 
Vand VI). The average transpiration for each 24 hours for 5 days 
was determined, then 10 cm. of the stem were killed and the observa- 
tion was continued. The results appear in tables VIII and IX. 
The daily loss in grams is shown in the second column in each table. 
Observations were made in order to compare the effect of tempera- 
ture and weather conditions on the amount of transpiration. The 
average daily temperature was obtained, as before, by taking the 
average of the temperatures as recorded by the self-registering ther- 
mometer. 

It wilt be noted that there is an increased amount of water 
transpired the first 2 days after treatment with the hot wax, 
although the temperature was lower than it was the first 2 days 
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before such treatment; there is also an increase on the fifth day over 
the fourth. In the case of stems with steamed sections no such 
increase occurs, as is shown by table VI. The steaming causes an 
immediate and continued falling off in the amount of water tran- 
spired. The plants used for the experiment, the results of which 
are tabulated in tables VIII and IX, were examined microscopi- 
cally and tested with alkanin, and very little plugging of the 
lumina was found. No such discoloration of the parenchyma 
surrounding the bundles was observed as occurs in steamed stems. 


TABLES VIII AND IX 


SHOWING THE EFFECT ON DAILY TRANSPIRATION BEFORE AND AFTER KILLING 20 CM. 
OF THE STEM WITH WAX HEATED TO 110°C. 


TABLE VIIT—OBSERVATIONS BEFORE | 


KILLING TABLE IX—OBSERVATIONS AFTER KILLING 
Date | Loss |Average| Weather Date Loss Average! Weather | 
| tem- | ses n - “4 Remarks 
I9I0 | perature conditions perature conditions 
May 17} 1.1 | 19° C.| Cloudy |; May 22 | 1.9 | 19° C.| Clear | Plant in good 
| | | condition 
May 18 | 2.0 | 24°C.| Clear May 23 2.6 | 20° C.| Cloudy Plant in good 
| condition 
May 19 | 2.5 | 24°C.| Clear May 24 1.8 21°C.) Cloudy | Plant in good 
| | condition 
May 20| 2.7 | 25° C.| Clear May 25 1.4 26°C.) Cloudy | Plant in good 
| | _ condition 
May 21 | 2.3 | 29°C.) Slightly, May 26 1.6 | 26°C.) Slightly} Leaf tips very 
| cloudy ‘cloudy | slightly yellow 


Average loss in 24 hours=2.12° Average loss in 24 hours=1.86 grams. 
grams. 


The leaves also showed very little plasmolysis in the mesophyll 
cells, and the chloroplasts were in good condition. These results 
undoubtedly indicate that hot wax is superior to steam for killing 
the cells of stems without disarranging the tissues. 

In view of SCHROEDER’S observations, it will be instructive to 
examine again the results shown in table VI. After 10 cm. of the 
stem were steamed, a successive diminution in the amount of water 
lost in each 24 hours occurs. The leaves behave exactly as though 
they were wilting from lack of water supply, except that the process 
is not so rapid, owing probably to a certain amount of water being 
able to rise in the not completely plugged vessels. It is further 
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to be noted that after the second day the amount falls from 1.5 
gm. to o.9 gm., after which there is a more gradual daily dimi- 
nution in the amount transpired. This seems to indicate, in the 
light of SCHROEDER’S resuits, that the leaves were dying, which 
is undoubtedly the case. Death is probably due to deleterious 
substances being introduced into the leaves from the killed portion 
of the stem. Examining table [X, in which the results are shown 
after using hot wax as a killing medium, we see that on the second 
day the plant increases the amount of water given off, which proves 
that it is not dying. There is also an increase on the fifth day over 
the fourth. I suspect that the leaves in this case have not been 
so severely poisoned as in the plant killed with steam. 

That withering of the leaves on stems, which have been killed 
with heat, is not due to lack of water, but to the toxic action of 
substances which have been carried to the leaves, seems to be 
shown by the above-described experiments. The fact that the 
longer the heated region, the more rapid the leaves wither, seems 
to favor such a view. That leaves above a steamed or otherwise 
heated portion do not wither in the same way as those simply 


deprived of water, but often discolor before shriveling, also sup- 


ports such a conclusion, as Drxon has already shown. 

Histological examination of such leaves shows that the proto- 
plasts and chloroplasts resemble those under diseased conditions 
more than those in leaves which are merely drying for lack of water 
supply. I agree with Dixon that leaves on cut branches die from 
lack of water supply, while in the case of leaves borne above a 
heated portion of the stem, they die because they dry. 
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BRIEFER ARTICLES 


ERGOT ON OATS 
(WITH ONE FIGURE) 


While harvesting the grain in the oat-breeding nursery conducted 
by the Office of Grain Investigations of the Department of Agriculture, 


in cooperation with the 
Iowa Agricultural Experi- 
ment Station, at Ames, 
Iowa, in July, 1909, a 
number of specimens of 
ergot (Claviceps purpurea) 
on oats were found. Ergot 
on oats is said to be quite 
common in Algeria, and 
probably occurs elsewhere, 
but a partial review of the 
literature does not show 
that it has been previously 
reported from the United 
States. The ergot masses 
which were found at Ames 
were in all cases near the 
base of the panicle, as 
shown in the accompany- 
ing illustration, and usu- 
ally only one of the spike- 
lets was affected. The dis- 
ease was most common on 
the Burt oat, a variety 
which, strangely enough, is 
entirely resistant to smut. 
The season of 1909 was 
a particularly wet one, a 


condition generally recognized as favorable to ergot epidemics. No 
occurrence of the disease was noted at Ames in the dry season of 1910. 
Specimens of ergot collected at Ames in 1909 are in the herbarium of 
the Iowa State College and in the pathological collection of the Bureau 
of Plant Industry, U.S. Dept. of Agriculture—C. W. Warsurrton, 
Bureau of Plant Industry, U.S. Dept. of Agriculture. 
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CURRENT LITERATURE 


BOOK REVIEWS 
Researches on fungi 


It might seem that the study of spore dispersal among the fungi offered 
little opportunity for important investigation, but the perusal of BULLER’s 
recent volume on the subject shows how surprisingly little we really knew 
about the matter before he began his researches. The results of many years 
of patient investigation are now brought together in an elaborate manner, and 
it is safe to say that only once in a while is it possible to find a volume which 
contains so much that is new to botanists! One hardly knows whether to 
admire most the many new contributions, the ingenious mechanical contriv- 
ances which made the contributions possible, or the limitless patience which 
Professor BULLER has shown in working out the uttermost details of his sub- 
ject. Although some of the results here given have been published in various 
papers, no attempt will be made in this review to distinguish between such 
results and those given for the first time, though most come under the latter 
head. 

After some chapters which review the chief features of the reproductive 
organs of the Hymenomycetes, BULLER gives an account of his experiments 
which show that the fruiting bodies of these plants are “adjusted” in a most 
remarkable manner to spore dispersal. In the first place, the apogeotropic 
stipes exhibit the swaying movements that are so familiar in the shoots of seed 
plants; in one case there was noted a curvature through an arc of go° in 18 
minutes. It is shown also that the gills exhibit geotropic reactions. As a 
result of the geotropic curvatures of the stipe, and of the gills, the latter are 
strictly vertical when in a state of equilibrium; the great advantage of such 
reactions is that they permit the fall of the spores between the gills (or through 
the tubes in the case of the polypores). In some cases, but not in all, light as 
well as gravity stimulates stipe curvatures. Careful estimates are made of 
the number of spores and of their rate of fall in various fruit-bodies, and 
although everyone knows that the spores are very numerous, the numbers 
given by BULLER seem almost unbelievable. For example, in a fruit of 
Agaricus campestris there were estimated to be 1,800,000,000 spores, and as they 
took two days to shed, they dispersed at the rate of 40,000,000 per hour. In 


* Butter, A. H. REGINALD, Researches on fungi; an account of the production, 
liberation, and dispersion of the spores of Hymenomycetes treated botanically and 
physically. Medium 8vo. pp. xi+287. pls. 5. figs. 83. London, New York, Bombay, 
and Calcutta: Longmans, Green and Co., 1909. 12s. 6d. 


65 


f 
af 
ny 
i 


66 BOTANICAL GAZETTE [JANUARY 


Coprinus comatus there were estimated to be 5,240,000,000 spores, which fell 
at the rate of 100,000,000 per hour; these spores have an average length of 
12.55, so that if they were arranged end to end, the spores of a single 
Coprinus fruit would extend a distance of 41 miles. Probably the most pro- 
ductive of all plants is the giant puffball, Lycoperdon giganteum; in a fruit 
whose dimensions were 40 cm.X 28 cm.X 20 cm. there were estimated to be 
seven trillion spores. The advantage of having such enormous numbers of 
spores is evident, when it is realized that in Polyporus squamosus, for example, 
it is estimated that only about one spore in a trillion is able to develop into a 
plant. 

The most important contributions of the volume concern the fall of the 
spores. Ordinarily, spore fall cannot be observed by the naked eye, even 
though the spores are discharged at the rate of a million a minute, but Pro- 
fessor BULLER has shown that by the use of a concentrated beam of light, it 
is possible to observe the fall without the use of magnification. By this means 
there was made the surprising discovery that in the more xerophytic species, 
with leathery fruit bodies, vitality is retained for a number of years; specimens 
may be dried and moistened many times, each moistening resulting in a renewal 
of spore dispersal. In such forms it is obvious that the fruit bodies may be 
collected and spore discharge studied at leisure. In two cases it was shown 
that the spores of fungi that had been kept dry for three years still retained a 
capacity for germination. By the use of ingenious methods devised by the 
author, the rate of spore discharge, which is so rapid as to be incapable of obser- 
vation by the microscope, was calculated with mathematical precision. In 
Amanita vaginata the spores are shot out horizontally with an initial velocity 
of 400 mm. per second, but so rapidly does the rate slow down on account of 
friction with the air, that when they have reached a distance of 2 mm. from 
their original position, they begin to descend. The terminal falling velocity 
of a moist spore is about 5 mm. per second, and is reached in 0.04 second. 
The trajectory described by the spore is somewhat unique in that it passes 
so sharply from horizontality to verticality, and to such a trajectory BULLER 
gives the name sporabola. In connection with these studies it is interesting 
to note that the author has made the first test of the applicability of SToKEs’s 
law to the fall of microscopic spheres in air. 

The mechanism of spore discharge receives attention, but is not certainly 
demonstrated, though it is shown that the spores are not squirted out by the 
bursting of the sterigmata under hydrostatic pressure. The author thinks 
that discharge is due to the rupture of lateral walls at the junction of the 
sterigma and the spore through the influence of endosmotic pressure. BULLER 
points out that the trajectory of the spore is admirably suited for effective 
spore discharge, for if the spores shot out much less than 2 mm. they might not 
be fully freed from the gill whence they come, while if they shot out farther, 
they might be in danger of hitting the opposite gill. BULLER appears also 
to have solved the question as to the advantage of deliquescence in Coprinus. 
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It used to be supposed that insects crawling through the deliquescing portion 
aid in scattering spores, but it is found that the spores discharge before the 
pileus deliquesces; deliquescence, however, removes the older part of the 
pileus from beneath the parts where active shedding is taking place, thus making 
a cylindrical pileus as well adapted for spore dispersal by currents as is a 
horizontal pileus. Hence the author regards Coprinus as a more specialized 
form than one like Agaricus. The closing chapters deal with spore dispersal 
in the Ascomycetes and in Pilobolus —HENRY C. CowLEs. 


The Chicago textbook 


It has been many a day since any botanical-educational work has been 
anticipated with such interest as the book before us. Entirely new: prepared 
by three sympathetic co-workers, all eminent both as investigators and teach- 
ers: elaborated under the facilities and freedom provided by one of our most 
progressive universities: the appearance of such a work is naturally an educa- 
tional event. The result, in greater part, is now before us,™ and the remainder 
is promised for the very near future. 

Of the three parts, part I, of 296 pages, is Morphology, by Professor 
Coutter. It is devoted wholly to the description and illustration of the 
natural groups from Thallophytes to Spermatophytes, the axial idea of the 
treatment being the morphological evolution of structures. The title Mor- 
phology, therefore, is to be read as Special rather than General Morphology. 
There will be, I believe, but one opinion upon these pages; that they are a 
model of precise, expressive, well-balanced description. Throughout the work 
runs the evidence of advanced knowledge combined with a spirit of caution 
and an emphasis upon the study of things as they are rather than as they should 
be. If there is anywhere a better account of the groups, and of the morpho- 
logical evolution, of plants, it is not known to the present reviewer; and it 
will take a more intensive knowledge of these subjects than he possesses to 
detect any material fault or error therein. The illustrations, no less than 618 
in number, are almost wholly new to textbooks, though they are largely 
taken from special works of the author or his students, a fact which will explain 
the frequent larger size and greater elaboration of detail than would otherwise 
be selected for such a work. There is not, of course, much room for anything 
strikingly new or suggestive in the treatment of the subject, but most readers, 
no doubt, will turn with especial interest to the discussion of the “new anat- 
omy”; and there will be general relief to find that it differs much less from the 
old than we had perhaps been led to expect. 

Part II is Physiology, by the late Professor Barnes, and we cannot but 
consider it a piece of singular good fortune that he was able to complete this 
embodiment of his extensive knowledge and teaching skill before his lamented 


** COULTER, BARNES, and Cow Les, A textbook of botany. Vol. I. Morphology 
and physiology. 8vo. viii-++484 pp. figs. 699. New York: American Book Company. 
Igt0. $2.00. 
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death. In fine qualities of exposition and balance this part is a worthy com- 
panion of the first. In places, however, it suffers a little from an extreme of 
condensation, although its 189 pages (with their 81 illustrations) would seem 
to be ample for the subject in comparison with part I. Thus the treatment 
of capillarity (pp. 314, 349) and of osmotic phenomena (p. 309) is too brief for 
complete clearness. And (while we are faultfinding) the inference (p. 371) as 
to the wastefulness of the plant motor does not follow from the evidence; and 
surely the protoplast is not dragged, but pushed, from the wall (p. 310), and 
it is settled that the products of decomposition of chlorophyllin have nothing 
to do with reddening the leaves (p. 368). But it is upon such trifles as these 
that the fiendish glee of the reviewer in the detection of error must glut itself 
in this book, and their very insignificance is eloquent testimony to the general 
accuracy and worth of the work, which offers an unsurpassed synopsis of the 
present state of our knowledge of plant physiology. 

This part, and in lesser degree the first, reflects the efforts of the authors to 
give more exact definition to terminology, especially in the direction of elimina- 
tion of teleological expressions. The result is, however, not always happy, and 
it is a question whether it is not better in most cases to retain the familiar 
and expressive, even though teleological and animistic, terminology, giving 
frequent warning to the student as to its scientifically erroneous character. 

Every teacher will wish to know to what grade of instruction the work is 
adapted. Presumably part III will correspond in this respect to those before 
us. The title shows that it is intended “for colleges and universities.” If 
by colleges is meant the general elementary courses in which botany is pre- 
sented for the first time to undergraduates, then in the opinion of the reviewer 
the book contains too much, and is of too advanced a character, unless the plan 
is followed of irrigating the student mind with a vast flood of information in the 
hope that out of the profusion he will find and retain something that interests 
him. But for the second courses in colleges, those devoted to morphology, 
physiology, and ecology in particular, the work seems to the reviewer wholly 
admirable, and much better adapted than any other to the needs of American 
college students and our methods of instruction. For this purpose, however, 
the parts should be obtainable separately, and the physiology would have borne 
some amplification. 

The book is beautifully printed, and the excellent illustrations are admirably 
reproduced. Altogether it is mechanically, as it is in substance, one of the 
most attractive of textbooks.—W. F. GANONG. 


Lichens of Minnesota 
Professor BrRucE FINK has been studying the lichens of Minnesota since 
1896, and the result has appeared in the form of a large bulletin from the U.S. 
National Museum.? It is a notable contribution to the lichenology of North 


? FINK,BRUCE, The lichens of Minnesota. Contrib. U.S. Nat. Herb. 14: pt. 1. 
pp. xvii+269. pls. 51. figs. 18. 1910. 
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America, for although it includes only the forms of a single state, the peculiarly 
wide distribution of species of lichens makes the bulletin really a manual for 
the determination of the lichens of the whole country. The bulk of the bulletin 
consists of the catalogue of species, but it is much more than that, for the species 
are described with a fullness and an exactness unusual in such descriptions, 
and convenient keys make the approach to genera and species seem simple 
enough. The numerous admirable reproductions of photographs also bring 
clearly to the student the field aspect of the different forms. 

There are 68 genera presented, comprising 314 species, and under the 
species there are often numerous varieties. It is of interest to note that the 
genera are not large, only 6 of them comprising 10 or more species, and the 2 
largest (Lecidea and Cladonia) comprising only 29 species each. This means 
that the remaining genera are represented on the average by about 3 species. 
This is a striking illustration either of the constancy of lichen species over 
wide areas, or of the caution of lichenologists in recognizing variations as species. 
This is perhaps further-emphasized by the fact that in the present publication 
not a single new species is proposed. 

The catalogue is preceded by a general account of lichens, so that the 
student of classification may obtain adequate information as to the morphol- 
ogy of the group. There are also some interesting paragraphs dealing with 
the economic réle of lichens, under the following heads: ‘‘as purifiers of the 
air,” ‘‘as aids in rock disintegration,” ‘‘as food,” “‘as medicinal agents,”’ ‘‘as 
dyestuffs,” and ‘‘as related to the welfare of trees.” 

This book should prove a great stimulus to the study of lichens, a group 
which deServes to be more cultivated by American botanists.—J. M. C. 


MINOR NOTICES 

Plant-breeding in the United States.—Professors v. RUMKER and v. 
TSCHERMAK have published a reports of their extended American visit during 
the spring and summer of 1909. The writers inspected most of the institu- 
tions in which either theoretical studies in genetics, or practical experi- 
ments in plant and animal breeding are in progress, as well as the work of 
numerous private breeders. The whole report forms an exceedingly keen 
and accurate review of the present operations along these lines in America. 
The material has been well sifted, analyzed, and systematically arranged. 
The chapters close with full bibliographies. In the first part, which is 
occupied with American studies in genetic theory, full reviews are given 
of the newer work of SHULL, CASTLE, TOWER, MorGANn, MAcpouGaL, and 
others. Part II, dealing with practical breeding operations, begins with 
an extended discussion of American experiment station investigations in corn 
breeding. The long-continued experiments at the Illinois station on the 


3 RUMKER, V., and TsCHERMAK, v., Landwirtschaftliche Studien in Nord-Amerika, 
mit besonderer Beriicksichtigung der Pflanzenziichtung. pp. 150. Rerlin: Paul Parey. 
IgIo. 
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improvement of certain economic characters in corn by continuous selection, 
are given careful consideration, as also the theoretically more important work 
of SHutt and East. Full accounts of the experiments in breeding other cereals 
and various fodder plants under way at several experiment stations follow. 
The writers furnish what is perhaps the best brief general critique of LUTHER 
BurBANK and his much be-written work that has yet appeared, and which 
affords a refreshing change from the usual reiterated adoration of the stoneless 
prune, the plumcot, and the spineless cactus, to which our ears have so long 
been accustomed. What is still more interesting is the very appreciative and 
much deserved commentary on the valuable work of HANSEN in the ameliora- 
tion of the wild fruits of the northwest plains region. The authors have been 
at pains to grasp thoroughly and put down minutely the rather complex 
morphology of our national Department of Agriculture and its protean sub- 
divisions, accompanied by an astonishing genealogical tree of its ramifying 
functions and personnel that is worth that department’s while to reproduce 
in English. The independent agricultural colleges visited were those of Kansas, 
South Dakota, and New Jersey, and those with university affiliations were 
Cornell, Wisconsin, Illinois, Minnesota, Nebraska, California, and Arizona, 
the organization and equipment being noted in each case. Agronomic methods, 
soil culture, and agricultural ecomomics in general are reviewed so far as the 
writers had time and opportunity to observe. Full and detailed accounts 
occur of the apparatus in use at the various experiment stations and botanical 
institutes visited. The authors display throughout a well balanced judicial 
temper in comparing American and European conditions as regards agricul- 
tural education and experimental work. The Pracht and Glanz of some of 
our munificently endowed American scientific and educational institutions 
do not conceal from the acute vision of the authors of this Bericht the humiliat- 
ing circumstances that too often afflict the occupants of their chairs. Meager 
salaries, incessant teaching, papers and publications issued under forced 
draft, and the precious requirements of our American red-tape technique, 
which call for the perpetual pumping out of reports of scientific progress up to 
Saturday night, all of this has not escaped the European commentators’ atten- 
tion. ‘“‘Dabei ist es jedoch noch immer als ein schwerer Fehler zu bezeichnen, 
dass die amerikanischen Miazene zwar der Wissenschaft mit Recht herrliche 
Paliste bauen, die Diener der Wissenschaft jedoch—die Professoren und 
Dozenten—regelmissig vergessen”’ (p. 150).—H. F. RoBErts. 


Experiments in plant physiology—HEALD and Lewis have published‘ a 
set of experiments in plant physiology, designed to form the basis for a year of 
university work. The experiments are grouped under four heads arranged 
in the following order: growth (exps. 1-15), movement of water and gases 
(exps. 16-61), nutrition (exps. 62-115), and irritability (exps. 116-150). The 


4Heatp, F. DeF., and Lewis, I. M., Experiments in plant physiology. pp. 70. 
figs. 24. Austin, Texas: the authors. 1910. : 
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authors apparently feel it desirable to teach as many facts as possible through 
demonstration or experiment. This probably accounts for the large number of 
experiments used for the year’s course, and for their qualitative and in many 
cases extremely elementary character. The experiments stand quite in con- 
trast with the aims set forth by GANONG in his manual for a college course in 
this subject. ‘“‘The emphasis is thrown, for advanced or college work, not 
upon qualitative results obtained by students from apparatus of their own 
making, but upon quantitative results obtained from practically accurate or 
normal apparatus manufactured expressly for its particular use.””’ The lack 
of reliability in much of the data of plant physiology is due to the loose qualita- 
tive methods used in the subject. I know no better place to begin the develop- 
ment of reliable quantitative technique than in college and university courses. 
Ganon has repeatedly urged this necessity. Time-honored experiments that 
have taught misconceptions ought to be dropped from manuals or modified 
so as to teach the truth. As an illustration, we may mention the use of the 
potassium bichromate and ammoniacal copper sulphate screens for the purpose 
of determining the relative photosynthetic value of red and blue light. KNrIEP 
and MINDERS have shown that the results obtained in this case are due to 
different intensities and not to different’ qualities of the light. This experi- 
ment is of significance only when the screens are so arranged as to give equal 
energy values. Under this condition KnrEP and MINDER found equal photo- 
synthetic activity for the two ends. When exact chemical methods give 
more trustworthy results (as is the case in experiment 35 on the retention of 
salts by soil), one can hardly see why they should be avoided in a university 
course.—WILLIAM CROCKER. 


Outlines of geologic history.—-Under this title a series of essays involving 
a discussion of geologic correlation is published.6 The essays were presented 
before Section E at the Baltimore meeting (1908) of the American Association, 
and include three of interest to botanists: ‘‘The upper paleozoic floras, their 
succession and range,” by DAvip WHITE; “Succession and range of mesozoic 
and tertiary floras,” by F. H. Knowtton; “Origination of self-generating 
matter and the influence of aridity upon its evolutionary development,” by 
D. T. MacpouGat. The first two papers cited present in convenient outline 
form the succession of floras from the middle Devonian to the end of the 
Tertiary. Naturally the presentation is chiefly stratigraphic, with suggestions 
as to climatic changes; but the material for a consideration of the historical 
basis for phylogenetic conclusions is thus made more available. MAcDOoUGAL’s 
essay, as the title suggests, is highly speculative, but the basis of facts which 
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6 Outlines of geologic history with especial reference to North America. Sym- 
posium organized by BatLtey WILLIs. Compilation edited by D. Saispury. 
Chicago: The University of Chicago Press. 1910. $1.50. 
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underlies the discussion has been developed by his physiological investigations, 
chiefly in connection with the vegetation of arid areas.—J. M. C.* 


Scientific expedition to New Guinea.—A second part of volume VIII, con- 
tinuing the account of the botanical results of this expedition, has been published 
recently,’ which includes about 50 families of the higher plants, over 190 genera, 
and approximately 300 species and varieties. The taxonomic work has been 
done by noted specialists, and their results have been ably edited by Dr. H. A. 
Lorentz. Nearly one-third of the species and varieties enumerated are new 
to science, and the following genera are published here for the first time: Sala- 
cicratea of the Hippocrateaceae, Diandriella of the Araceae, and Cyrtandropsis 
of the Gesneriaceae. The more important constituents of the flora, as shown 
by families, are: the Euphorbiaceae (60 species), Leguminosae (52), Piperaceae 
(21), Araceae (20), Myrtaceae (19), and Compositae (17). The publication is 
a scientifically important contribution to our knowledge of the flora of New 
Guinea.—J. M. GREENMAN. 


NOTES FOR STUDENTS 


Current taxonomic literature—O. Ames (Torreya 10:90, 91. 1910) 
records a new species of Ponthieva (P. Brittonae) from the Bahamas.—J. C. 
ARTHUR (Mycologia 2:213-240. 1910) under the title “Cultures of Uredineae 
in 1909” has placed on record some of the results of his researches during the 
past year, and includéS two new species of Gymnosporangium described by 
F. D. Kern.—W. BEcKER (Beih. Bot. Centralbl. 26: 289-390. 1910) has issued 
the second and closing article on the taxonomy of European violets, embody- 
ing the results of long-continued study in this genus.—M. Bouty de LEspAIn 
(Bull. Soc. Bot. Fr. IV. 10:236-240. 1910) under the title ‘Notes liché- 
nologiques no. XII” has described several new species of lichens, some of 
which are from Mexico.—T. S. BRANDEGEE (Univ. Calif. Pub. Bot. 4:85-95. 
1910) has published 23 new species of flowering plants from Mexico; the paper 
is based chiefly on collections made in the state of Puebla by C. A. Purpus, 
and the types are deposited in the herbarium of the University of California. 
One new genus (Amphorella) of the Asclepiadaceae is proposed.—N. L. Brit- 
TON (Bull. Torr. Bot. Club 3'7:345-363. 1910) in continuation of his studies 
on West Indian plants presents a synoptical treatment of the genus Como- 
cladia, recognizing 18 species of which 7 are indicated as new to science; the 
article includes also descriptions of 24 new species of spermatophytes belong- 
ing to different genera.—G. DiIsMIER (Bull. Soc. Bot. Fr. IV. 10:Mém. 17, 
pp. 1-37. 1910) under the title “Revision des Philonotis de l’Amérique” 
recognizes 25 species, 2 of which and several varieties are new.—P. Dusén 


7 Nova Guinea. Résultats de l’expédition scientifique Néerlandaise 4 la Nou- 
velle-Guinée en 1907 sous les auspices du Dr. H. A. Lorentz. Vol. VIII, Botanique 
Livraison II. 4to, pp. 221-426. pls. 52-68. Leide: E. J. Brill. 1910. 
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(Arkiv fér Botanik 9:no. 5, pp. 1-50. p/. r. 1910) under the title “Beitrige 
zur flora des Itatiaia’”’ has published 4 new species of flowering plants; the 
same author (ibid. no. 15, pp. 1-37. pls. 1-8. 1910), in cooperation with the 
well known specialists H. Crist, E. HACKEL, and A. CoGntAux, has published 
25 new species and 3 varieties of vascular plants from Paranda, southern Brazil. 
The types are mostly in the government museum at Stockholm.—E. L. EkKMAN 
(ibid. no. 4, pp. 1-56. 1910) records the results of a botanical expedition to 
Argentina and includes descriptions of several new species and varieties of 
Malvaceae and Sterculiaceae.—A. D. E. ELMER (Leafl. Phil. Bot. 2:659-7o1. 
1910) in continuation of studies on the flora of the Philippines has described 
10 new species of the Myrsinaceae, 3 new species and a new genus (Whitfordia) 
of the Leguminosae, and to new species belonging to different families of 
flowering plants. J. GitteT and E. PAgue (Ann. Mus. Congo. Botanique 
Sér. V. fasc. 1. pp. ix-+-120. 1910) in a series of publications by the Belgian 
government on the flora of the Congo have issued recently a very interesting 
contribution entitled “Plantes principales de la région de Kisantu.” The 
paper gives the native and scientific names of plants as well as their uses, 
and is illustrated with over twenty photographic illustrations —E. L. GREENE 
(Leafl. Bot. Obs. & Crit. 2: 105-120. 1910) describes 25 new species of flowering 
plants mostly from western United States and northern Mexico; of these 12 
belong to the genus Morus and are related to M. microphylla Buckley.— 
F. D. Heatp and F. A. Wotr (Mycologia 2:205—211. pl. 31. 1910) have 
published a new genus (Cyanospora), referred to the Ceratostomaceae; the 
fungus is associated with the whitened areas on the trunk and branches of 
the mountain cedar of western Texas and northern Mexico and is thought to 
be parasitic—G. G. Hepccock (ibid. 155, 156) records a new polypore (Poly- 
porus amarus), found on living trunks of Libocedrus decurrens; it is said to be 
the cause of “pin-rot” or “‘peckiness” of the heartwood of these trees.— 
A. A. HELLER (Muhlenbergia 6:81, 82. 1910) under the title ‘‘The North 
American Lupines II”’ describes a new species of Lupinus (L. silvicola) from 
California —G. (Journ. Sci. Coll. Univ. Tokyo 2'7:1-128. pls. 1-3. 
1910) gives a list of plants collected on the Japanese part of the Island of 
Sachalin by Mr. G. NAKAHARA in 1906. The list comprises some 200 genera 
and about 300 species, many of which have not been recorded hitherto from 
this region—H. Kyiin (Sv. Bot. Tidsk. 4:146-149. pl. 6. 1910) describes 
and illustrates a new species of Bairachospermum (B. Skottsbergii) from Tierra- 
del-Fuego.—W. A. Murritt (Mycologia 2:248. 1910) has published a new 
species of Ceriomyces (C. jalapensis) from the vicinity of Jalapa, Mexico.— 
Tu. LOESENER (Verh. Bot. Ver. Prov. Brandb. 51: 1-36 [179-214]. 1909-1910), 
in collaboration with different specialists, gives an annotated list of plants 
collected in Mexico and Central America by C.and E.SELER. The paper is the 
sixth in the series of Plantae Selerianae and includes descriptions of 11 new 
species and 2 new varieties of flowering plants.—G. E. OstErHouT (Muhlen- 
bergia 6:46, 47. 1910) describes a new species of Aulospermum (A. Betheli), a 
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new variety of Aster laevis, and one of Arnica Parryi from Colorado.—F. 
PETRAK (Bull. Soc. Bot. Genéve II. 2:167-171. 1910) has published a new 
genus (IWettsteinia) of Compositae, based on Carduus nidulans Ruprecht. 
—E. P. Purtires (Kew Bull. 286-290. 1910) has characterized a new genus 
(Spatallopsis) of the Proteaceae; the genus is a segregate from Spatalla, differ- 
ing principally in having a regular calyx and conical stigma and, as present 
understood, contains 5 species, all of south African distribution —L. QuEHL 
(Monats. fiir Kakteenkunde 20:139, 140. 1910) describes and illustrates a 
new species of Mamillaria (M. Emskétteriana) from Mexico.—J. F. Rock 
(Bull. Torr. Bot. Club 377: 297-304. 1910) has published 4 new species of flower- 
ing plants from Hawaii.—P. A. RyDBERG (ibid. 313-335, 443-471) in continua- 
tion of his “Studies on the Rocky Mountain: flora” has described several 
new species of Compositae.—V. ScHIFFNER (Oesterr. Bot. Zeitschr. 60: 169- 
173. Ig10) presents a consideration of the genus Chiloscyphus, segregating 
therefrom a group of species for which he proposes the new generic name 
Heteroscyphus.—R. SCHLECHTER (Rep. Nov. Sp. 8:453-458. 1910) has pub- 
lished several new species of Orchidaceae, of which 7 are from Central and 
South America.—J. K. SMALL (Torreya 10:186-188. 1910) describes a new 
genus (Carteria) of the Orchidaceae; the plant is a native on the Everglade 
Keys, Florida, and is also said to occur in the Bahamas.—D. R. SUMSTINE 
(Mycologia 2:125-154. 1910) under the title ““The North American Mucorales 
1” gives a synoptical treatment of the group with keys to the genera and species. 
—F, THEISSEN (Broteria Ser. Bot. 9: 5-44. 1910) under the title “‘ Perisporiales 
Riograndenses”’ gives an annotated list of the Perisporiaceae of southern Brazil, 
including several species new to science; the list is supplemented by a cata- 
logue of the host plants—C. Torrenp (ibid. 45-53) presents the results of 
studies on the Myxomycetes of Portugal and proposes a new genus (Helo- 
lachnum) of the Discomycetes.—P. WiLson (Bull. Torr. Bot. Club 37:437, 
438. 1910) has described a new species of Ravenia and one of Spathelia from 
eastern Cuba.—F. A. Wor (Mycologia 2: 241, 242. pl. 32. 1910) has published 
a new species of Macrophoma; the fungus is parasitic on leaves of the American 
mistletoe (Phoradendron flavescens), and up to the present time has been 
found only in Texas.—H. Wo trr (Rep. Nov. Sp. 8:414, 415. 1910) has pub- 
lished two new species of Eryngium, namely E. Ekmanti from Argentina and 
E. Harmsianum from California.—Several authors (Kew Bull. 192-197. 
1910) have described new species of flowering plants, including a new Tabebuia 
(T. stenocalyx) from Trinidad and a Catopsis (C. penduliflora) from Peru.— 
J. M. GREENMAN. 


Russian grain rusts.—During a number of years JACZEWSKI has made a 
study of the grain rusts in Russia, the resuits of which have been published in 
a Russian monograph. Believing that local observations in different regions 
may serve to elucidate some phases in the life history of the rusts, the author 
has made those results of his studies which might be of general interest avail- 
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able to a wider group of readers by publishing an abridged account in German. 
While the paper contains little that is essentially new, it gives an excellent 
account of the biology of the collective species Puccinia graminis as observed 
by the author in Russia. The account is valuable for comparison with similar 
observations made in other regions, for it is possible that the ecological and 
biological routine of development of the grain rusts is not the same in all 
regions. An illustration of this possibility is found in the present paper in 
reference to the different sources of infection of new grain in spring in Russia 
and in the United States. 

JACZEWSKI attributes the primary infection of wheat in spring entirely 
to aecidiospores from barberry. In the plains of the middle west, where bar- 
berry bushes are rare or do not occur at all over rust areas, both BoLLEy and 
CARLETON have found that the fungus is carried through the winter by means 
of surviving uredospores. In Russia JACZEWSKI finds that none of the uredo- 
spores survive through the winter, either on the straw or on living plants; nor 
does the mycelium of the fall survive on seedling wheat, for when infected seed- 
lings are covered with glass cases they remain free from rust the following 
summer. These experiments, as well as some similar ones with older rhizones 
of wheat and orchard grass, the author — as disproving the validity of 
ERIKSSON’s mycoplasm theory. 

As to the spermatia, the author differs from the usual cytological inter- 
pretation of considering them as male cells, and considers them to be of the 
nature of conidia. It must be admitted that there is as much evidence for one 
view as for the other. Their persistency and universal occurrence he thinks 
is an objection to regarding them as functionless organs. 

Of particular interest is the long series of cultures of uredospores on different 
grasses. The results are tabulated in a manner easily comprehended. A 
comparison of his own results with those of others suggests the possibility 
that the degree of specialization of form-species of rusts to certain hosts may not 


be the same for all regions, but may depend upon local conditions.—H. Has- 
SELBRING. 


Lipoids and respiration.—By extracting wheat germs with various sol- 
vents of lipoids, and then determining the carbon dioxid evolved from the germs 
during a given period of time, PALLADIN and STANEWITSCH? seek to establish 
a relation between respiratory activity and the lipoid content of plants. The 
germs were extracted with a given solvent until nothing was removed by new 
quantities of the solvent. The solvent was then removed and the germs were 
placed on filter paper and soaked in water for 30 minutes, after which they 


8 JaczEwskI, A. von, Studien iiber das Verhalten des Schwarzrostes des Getreides 
in Russland. Zeitschr. Pflanzenkrank. 20:321-350. figs. 8. 1910. 


9 PALLADIN, W., and STANEwITscH, E., Die Abhingigkeit der Pflanzenatmung 
von den Lipoiden. Biochem. Zeitschr. 26:351-369. 1910. 


/ 


76 BOTANICAL GAZETTE [JANUARY 


were put into a U-tube with the filter paper on which they had been soaked. 
Air was drawn through the apparatus for 30 minutes, after which the carbon 
dioxid was determined at 3-hour intervals for a period of 9 hours in most of 
the experiments. The solvents used in the different experiments were alcohol, 
ether, anilin, chloroform, ethyl acetate, turpentine, benzine, olive oil, acetone, 
benzene, and toluene. 

In each case two parallel experiments were conducted, one with toluene 
vapor drawn through the tube, and one without. In the first experiment in 
which living germs were used they were found rotted at the end of the 9-hour 
period in the tube without toluene. In the other cases it was found that the 
amount of carbon dioxid evolved varied according to the solvent with which 
the germs had been extracted. The order arranged according to the intensity 
of depression is as follows: alcohol, ethyl acetate, ether, benzine, chloroform, 
aniline, turpentine, olive oil, benzene, acetone, toluene. In the tubes with 
toluene this sequence is different, but the toluene vapor in every case caused a 
depression of the amount of carbon dioxid evolved. The authors point out 
that there is a general relation between the quantity of lipoids dissolved by 
acetone, benzene, chloroform, ether, and alcohol, and the depressing effect 
of these substances on respiration. There is, however, no strict proportionality 
between the quantity of lipoids removed and the depression of respiration, as 
would be expected if the depression were due only to the removal of lipoids 
and not to other possible effects of the solvents.—H. HassELBRING. 


Germination.—GASSNER™ has studied the germination characters of seeds 
of two South American grasses, Chloris ciliata and C. disvichophylla. The 
behavior of the two species is in the main the same, so we need consider only 
the results with C. ciliata, on which the main work was done. With dry storage 
the seeds show a marked after-ripening. The most favorable period of dry 
storage is 30-40 weeks. With 10 weeks or less of dry storage none will germi- 
nate in darkness at optimum temperature, but after 39 weeks 7-8 per cent 
will germinate under the same conditions. After 9 weeks of dry storage, only 
3 per cent germinate in light, but after 39 weeks 73 per cent respond under 
the same conditions. If the germinators are dark during the early periods 
of germination and then transferred to light, the early subjection to darkness 
greatly reduces the total percentage of germination; the seeds become “dun- 
kelharten.” This effect of darkness appears only when the temperature is 
above the minimum for germination (20°C.). At low temperatures (6- 
10° C.) the germination is not affected by such a period of darkness. GASSNER 
lines the experimental facts up with the conditions the seed must meet in 
nature, which gives great ecological significance to his results. Whatever the 
eclogical value of such work, it must be stated that it adds little to a funda- 


10 GASSNER, Gustav, Ueber Keimungsbedingungen einiger siidamerikanischer 
Gramineensamen. Ber. Deutsch. Bot. Gesell. 28:350-364. 1910. 
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mental knowledge of delayed germination. From the physiological side we 
need to know the structures producing the delay, and how they are acted 
upon by the various conditions that will shorten it. GASSNER mentions two 
classes of seeds favored in their germination by light: the “dunkelharten” 
type, C. ciliata and Ranunculus sceleratus; and those that are not affected by 
a period of darkness, Poa and many others.—WILLIAM CROCKER. 


Osmotic pressure of leaves.—DIxoNn and ATKINS" have devised a thermo- 
electric method for determining the freezing points of. juices of plants. The 
advantage of the apparatus over BECKMANN’S lies in the fact that the determi- 
nation can be made with 2. 5—5 cc. of liquid instead of 12 cc. or more. The appa- 
ratus was used for determining the osmotic pressures of the sap of foliage 
leaves. The osmotic pressure varied with different species and individuals 
under the same conditions, but was constant for an individual under a given 
condition. In an individual of Syringa vulgaris, change of condition brought 
about a change in pressure from 24.58 to 11.58 atmospheres. The amount 
of pressure was not determined by the height of the leaves above the ground, 
nor by the resistance of the conducting tracts supplying the leaves, but in 
every case the osmotic pressure was much greater than the tension of the water 
supply could have been. Variations were attributed in the main to variations 
in carbohydrate and water content. The osmotic pressure of leaves increased 
with insolation, loss of water, and age. The highest osmotic pressure found 
for Syringa vulgaris was 26.87 atmospheres. The authors believe that during 
summer, when sugars are abundant and transpiration great, leaves of Syringa 
may develop a pressure as high as 30-40 atmospheres. The high pressures of 
leaves is quite in contrast to the pressures of roots of the same species. The 
pressures in the roots varies from 4 to 6 atmospheres. These data of course 
furnish support for the cohesion theory of rise of sap. One wonders how closely 
the osmotic pressure of extracted juices corresponds to that of the living cells.— 
WILLIAM CROCKER. 


Oxidation of hydrogen by microorganisms.—NIKLEWSKI’s” full report of 
work, which has been intermittently in progress since 1904, makes an inter- 
esting and valuable contribution. The study includes the isolation of two 
species of rod bacteria which are both morphologically and physiologically 
distinguishable. Neither of the two species isolated can develop in an oxy- 
hydrogen atmosphere without the company of the other, but when both are 
present under suitable conditions for growth a condensation of the oxyhy- 
drogen gas occurs. If an inorganic nutrient medium is inoculated with 


™ Drxon, H. H., and Atkins, W. R. G., On osmotic pressures in plants; and on a 
thermo-eleccric method of determining freezing points. Sci. Proc. Roy. Soc. Dublin 
N.S. 12:275-311. 1910. 


® NIKLEWSKI, BRONISLAW, Ueber die Wasserstoffoxydation durch Mikroorgan- 
ismen. Jahrbé Wiss. Bot. 48:113-142. 1910. 
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ordinary soil and surrounded by an oxyhydrogen atmosphere containing some 
carbonic acid, a film will develop which represents the growth of the two species 
of Hydrogenomonas, vitrea and flava. Through the mutual activity of those 
two species of bacteria constituting the film, the carbonic acid is reduced and 
hydrogen is oxidized. Each of those organisms is capable of heterotropic 
feeding, but vitrea is unable to develop upon a series of substances which 
afford suitable food for flava. The reason why neither organism can alone 
develop in the oxyhydrogen atmosphere is that it cannot endure the high 
tension of the oxygen, for which limit for injurious effect is close to 53 mm. 
pressure. Free hydrogen is more or less protected against oxidation by those 
organisms by organic substances which have a food value for them. The author 
ventures the opinion that in the presence of carbonic acid the hydrogen is used 
to form compounds with the carbonic acid which are in turn oxidized.— 
RayMonp H. Ponp. 


Reduction.—ZALEskr3 makes a study of the reduction processes in plants. 
A brief review of the literature on the subject is followed by a number of experi- 
ments. Methylene blue was used as the agent to be reduced. He finds a 
parallel between the reduction activity and alcoholic fermentation. The main 
evidence of such a parallel is shown by the fact that various acids, bases, and 
salts affect similarly the two processes, and plant organs in general show the 
two processes in a like degree. He points out the fact that we do not know 
the agent that causes.such reductions. It may be an enzyme, reductase or 
hydrogenase, or it may be a chemical compound capable of absorbing oxygen. 
One quickly sees the need of a master mind in this field, a person who can use 
exact chemical methods rather than haphazard ones. 

Korsakow* finds that sodium selenate stops the action of zymase in killed 
yeast-“zymin”; while it greatly increases its activity in living yeast. This 
agrees with the effect PALLADIN*S found that ether and other poisons had on CO, 
(respiratory) production in higher plants. While the selenate stopped the 
fermentative activity of the dead yeast, it did not modify its reductive power, 
as shown by the deposit of selenium. Hence it is argued that the two processes 
are independent, in contrast to ZALESKI’s contention.—WILLIAM CROCKER. 


Evaporation in marsh vegetation.—Investigating the atmospheric factors 
in herbaceous marsh vegetation by means of thermometers and a modification 
of the porous cup atmometer, Yapp® demonstrated a marked stratification in 


3 ZALESKI, W., Ueber die Rolle der Reduktionprozesse bei der Atmung der 
Pflanzen. Ber. Deutsch. Bot. Gesell. 28:319-329. Ig1o. 

™ KorSAKOW, MARIE, Ueber die Wirkung des Natriumselents auf die Aus- 
scheidung der Kohlensiure lebender und abgetoteter Hefe. Ber. Deutsch. Bot. 
Gesell. 28: 334-338. 1910. 

1s PALLADIN, W., Zur Physiologie der Lipoide. Ber. Deutsch. Bot. Gesell. 
28:120-125. 1910. 

16 Yapp, R. H., On stratification in the vegetation of a marsh and its relation to 
evaporation and temperature. Annals of Botany 23:275-320. 1909. 
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the vegetation with different conditions in the different strata. In vegetation 
with an average height of five feet, the average rate of evaporation above the 
herbage, about the middle of it, and in the lower strata, was according to the 
ratios 100:32.8:6.6. Similar vegetation about two feet high gave correspond- 
ing ratios of 100:56.2:14.7. These ratios are valuable indications of compara- 
tive humidity within the vegetation and upon its surface. Temperature 
readings showed that the upper layers of the vegetation were exposed to a 
greater daily range of temperature than either the free air above or the lower 
layers of the vegetation. As the different species vary much in their average 
height, it will be seen that few species of plants forming the marsh vegetation 
have to face precisely the same set of physiological conditions, hence xero- 
phytic and non-xerophytic marsh plants may grow side by side, each in the 
different conditions suited to its requirements.—GEo. D. FULLER. 


Catalase. ROSENBERG" attempts to settle the question whether catalase 
belongs to the anaerobic or aerobic respiratory enzymes. She finds it in great 
abundance in seeds and seedlings showing low anaerobic and high aerobic 
respiration. In yeast it decreases with fermentative activity. In seeds it 
increases as germination progresses. Acids and most salts markedly diminish 
its activity, while o. 5 per cent Na2HPO, and K2HPO, and o. 25 per cent Na,CO; 
greatly increase it. From these facts she concludes that catalase belongs to 
the aerobic respiratory enzymes. There are two serious criticisms that must 
be offered against the work. The destructive effect of acids on catalase and 
the rapid development of such acids in dead plant tissues is well established. 
Her methods apparently entirely overlooked these facts. It is probable, 
therefore, that she was measuring only a fraction of the entire catalase, and 
therefore that her determinations were open to large error. Again, her con- 
clusion is rather sweeping for the data at hand. Biology can gain nothing 
from such guessing on the basis of questionable data. —WILLIAM CROCKER. 


Embryo of Welwitschia.—PrArson™ has added to his former studies of 
Welwiischia a brief account of the development of the embryo proper. The 
small group of embryo initials at the tip of the suspensor first develops into a 
“massive meristematic group” of cells, in which the growing points of the 
embryo are organized, much as in Ginkgo, even the “lateral cones” being vis- 
ible as small protuberances in the axils of the cotyledons. The suspensor 
increases in thickness greatly by centrifugal additions from superficial cells 
of the root cap, as in Ephedra. The whole intraseminal development of the 
embryo seems to be completed before the seed falls, and covers a period of 
about four months from the time of fertilization. A few seeds collected in 
1907 germinated in 1910.—J. M. C. 


17 ROSENBERG, ANNA, Ueber die Rolle der Katalase in den Pflanzen. Ber. 
Deutsch. Bot. Gesell. 28: 280-288. 1910. 


8 PEARSON, H. H. W., On the embryo of Welwitschia. Annals of Botany 24:759- 
766. pl. 64. 1910. 
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Morphology of Parthenium.—P. argentatum has become notable as the 
“guayule,” or desert rubber plant, which is being exploited extensively in 
Mexico. In connection with its investigation for economic purposes, KiRK- 
woop”? has investigated its life history, and also that of P. incanum and P. 
hysterophorus. It appears that in the guayule about 17 per cent of the seeds 
contain embryos, the numerous failures not being due to failure in fertiliza- 
tion, ‘‘but apparently to the cutting off of the nutritive supply in the later 
stages of development.’’ The structures of the embryo sac, the development 
of the embryos, and spermatogenesis all seem to conform to the situations 
usual among Compositae.—J. M. C. 


Structure of alpine plants.—A very considerable amount of asymmetry 
has been found by BLocu” in the underground stems of certain alpine plants, 
notably in the rootstocks of Anemone baldensis and Bartsia alpina, the latter 
having a woody cylinder eight times as thick on one side as on the other. 
Among other peculiarities of these plants, the rootstock of Geum reptans is 
shown to have a cambium layer in the pith, and the older roots of two species 
of Campanula to develop an abnormal amount of lacunar tissue. An explana- 
tion of these phenomena will be sought in experimental studies—GeEo. D. 
FULLER. 


Cretaceous conifers of Japan.—JEFFREY™ has called attention to the strik- 
ing resemblance of the cretaceous coniferous flora of Japan, as recently described 
by Stopes and Fuju, to that ot the Atlantic seaboard of North America. 
The resemblance is perhaps closer than the authors suspected, for JEFFREY 
claims that their proposed new genus Yezonia is in reality his Brachyphyllum; 
and that their Cryptomeriopsis is the same as the long-known Geinitzia.—J. M.C. 


Establishment of the giant cactus.—From measurements of plants of vari- 
ous ages and a careful study of areas near Tucson, Arizona, containing several 
hundred individuals, SHREVE” concludes that the giant cactus (Cereus gigan- 
teus) is not maintaining itself. No sufficient reason for this decadence is yet 
known. The average expectancy of life for this cactus in the Arizona desert 
seems to be about 175 years.—GEo. D. FULLER. 


9 KirKWoop, J. E., The life history of Parthenium (guayule). Amer. Rev. Trop. 
Agric. 1:193-205. pls. 11-13. 1910. 

20 BLocu, MaApAME E., Sur quelques anomalies de structure des plantes alpines. 
Rev. Gén. Bot. 22: 281-290. 

2t JEFFREY, EDWARD C., On the affinities of the genus Yezonia. Annals of Botany 
24:767-773. pl. 65. I9t0. 

22 SHREVE, Forrest, The rate of establishment of the giant cactus. Plant World “a 
13:235-246. IgIo. 
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